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INTRODUCTION
Before we begin the actual consideration of the mechanism
of immunity in malaria., perhaps, it would not be aaiss to consider
the basic concepts ot :bamunityJ this will serve a twofold function,
first that ot acquainting us with the basic principles ot immunity
and second that of acting as an outline tor the discussion to
be here considered.
From the historical Tiewpoint, 'the science of immunity was
concerned with the resiste.noe of the body to disease. Ver:, soon,
however, experimental and clinical investigators centered their
attention on certain specific biological reactions which occurred
when various foreign materials were introduced into the body.
These foreign materials, or antigens, may be infective organisms,
derivatives of organisms, or entirely unrelated substances (such
as blood, egg-albumen, etc.). The entire basis of study thus
centers about the proven fact that the parenteral introduction
of these antigens into the body of the host is followed by the
appearance in.the blood or body tissues of a reactant, or antibody,
which will react with the antigen specifically, _!!!, vitro • .Anti
bodies so produced should be termed immune antibodies to differ
entiate them frOlll natural antibodies, which otten occur in the
blood without immunization.
In order that a material be considered a true antigen, the
following conditions should be met:

•

1.

2.

The substance must -.xist in the colloidal state.
The substance must be toroign to the animal prodt.cing the
antibody •
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3.

The substance must penetrate beyond the epithelial barrier

which protects the animal against foreign colloids.
It is now proved beyond question that most soluble proteins are
antigenic; furthermore, there is some evidence that only proteins
oan be antigenic by nature.
True antigens are then substances capable of producing antibodies.

Those substances which react specifically with the anti-

serum outside of the animal body have caused considerable confusion
of the picture because (1) very often they are indistinguishable
from true antigens (reaction of immune serum with solutions of the
same protein causing the production of t he original antibodies),
(2)

Zinsser and co-workers have isolated non-protein substances

from bacteria, which in themselves are not antigenic, but which
will react specifically with antiserums produced by immunizing
with the whole bacterial cells, residue antigens, (3)

Landsteiner

proved lipids can react specifically with antisera, but do not
react as antigens; these substances were called Haptenes.
It is important to mention that the chemical structure of these
antibodies is unknown; about all that is known of t hem is there
reaction and the f act that they are generally precipitated by
half-saturation with ammonium sulphate in the globulin fraction of
the serum and are believed to be proteins themselves.
From the foregoing we should conclude t hat there are possible
innumerable immunological reactions; but for matters of classification,
that presented by W. H. Taliaferro in his book,

~

Immunology

cz!.

Parasitic Infections (1929) will be exceedingly pertinent to our
phase of the study; hence, the following classifications
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I.

Precipitation -- phenomenon consists in the formation of

a precipitate upon the mixture of the test antigen and the antiserum.
II.

Agglutination -- phenomenon involves the clumping of the test

antigen upon the addition of the antiserum.
III.

Lysis -- a mixture of the test antigen with the antiserum

results in a disintegration of the test antigen.

This involves

at least two factors in the antiserum; the first is therm.ostabile
and is the antibody which arises as a result of immunization, the
aJD.boceptor; the second is thermolabile and is present in nonnal
serum and is known as complement.
Complement-Fixation -- really a modification of lysis and is

IV.

baz:ed upon the fact that,

2:!:

vitro, complement will not unite with

either test antigen or amboceptor until the test antigen has been

sensitized with its specific emboceptor.
V.

Anaphylaxis -- based upon the fact that after the antigen has

been injected into an animal, a second dose after seven or more

days may severely or fatally intoxicate the animal even when the
antigen is non-toxic in the first inoculation.

This has been

demonstrated both~ vitro., and~~•
VI.

Toxin-Antitoxin Reaction -- phenomenon is based upon the fact

that when the antigen is poisonous, it may be neutralized by the
antibody.
VII.

Pha.gooytosis

~

Opsonins -- Opsonins are antibodies found

to a certain extent in nonna.l animals., but are increased by immunization.

These antibodies are capable of "sensitizing" or pre-

paring bacteria for phagocytosis; hence the rate and the degree
-3-

of phagocytosis is speeded up.
VIII.

Inhibition 2£_ Reproduction -- this factor has only been

--

demonstrated in vivo in certain non-pathogenic Trypanosomes.
The organisms, themselves, may continue to live but they are not
capable of reproduction or of cell division.
It should be immediately apparent that all of the factors thus
far considered may be classed as Humoral Mechanisms of immunity;
in addition to these and certainly more important in Malaria are

the many tissue and cellular responses to invasion, these are
termed the Cellular Mechanism of immunity.
The statement that "virulence varies reciprocally as resista nee or immunity" seems to be well established in fact., if the
added consideration of dose of the brganism be considered.

After

all it is this consideration that is the sum total of the state
of well-being of the host.
What then are the types of immunity which may aid the animal
against infection?
(1)

Natural Immunity -- merely that all organisms do not infest

or are not capable of infesting the same host, and that many
organisms are naturally destroyed even in the course of the primary
infection.
(2)

Acquired Immunity -- naturally susceptible animals may secure

more or less immunity; such immunity is called acquired immunity.
This acquired immunity may be of two types-- active or passive.
Active immunity -- may be acquired as follows:
a.

Uninfluenced course of an infection.

b.

Milder infection with attenuated invaders.
-4-

c.

Infection with virulent organisms followed by suit:

able treatment.
d.

Inoculation with dead or attenuated organisms.

e.

Toxin-antitoxin or toxoid.

£•

Sometimes an acquired immunity may be produced by

inoculating with one organism and producing immunity
against another organism.
Passive immunity -- antibodies are directly transmitted fran

one animal to another.

Such immunity is rapid, but short

in duration of action.
Before turning to the actual present ation of material it is

important to emphasize that this subject matter is not original,
but is rather an attempt to review the more pertinent material to
date and to collect such material into a more or less workable
outline.

-5-

IMPORTANCE OF STUDIES OF Mro'NITY IN MALARIA
It was deemed fitting before undertaking the actual study
of t he immunity in malaria to gain some knowledge as to the importance of such a study to mankind.

In the following paper and

more particularly in the next few pages

we

will attempt to establish

a need for such studies in as interesting and as yet illustrative
manner as possible.
A period of war such as we are now passing through will serve
to add further emphasis to this study; howeve r, we hope to show
that the need is present, irregardless of the stress of our present era.

Rear Admiral Ross T. McIntire in t he Seventh Charles

Franklin Craig lecture delivered at the Annual meeting of the
.American Society of Tropical Medicine for 1943 gives us the keynote for our studies.

"It seems to me that I should take some

of your time today to talk about malaria.

This may seem to be a

rather dry topic to discuss in a gathering such as this, but it
is a topic of t he utmost importance to us at this time, £or we
a.re

operating in malaria infested regions and victory in these

areas will depend upon the manner in which our medical officers
wage their war against the malarial paras i te and its vectors.
It is a disease that could make us lose t he war if we do not
intelligently use all the means of prevent ion now available. We
can not immunize our troops against this disease and they will
have to face it ~~th full susceptibility, and in many instances
under conditions which make protection against mosquito bites
practically impossible.

In this type of warfare many of the well-

known and effective means of mosquito eradication can not be used
-6-

at all.

In the field we are usually limited to protectiva cloth-

ing which includes head nets and mosquito bar for tents and cots,
insecticide sprays for huts and tents~ and repellent lotions for
the skin.

Suppressive treatment by the use of quinine or atabrin

is usually necessary but here again we have a disappointing performance to view.

Development of the parasite takes place in

spite of the so-called chemical prophylaxis. 11

Hence in a para-

graph this authority has summed up the present day controls
against this disease; thus, the need for active research for immunity measures.
Proceeding to a few examples of our present difficulties and
dangers from this disease.

Mum.ford (1942) states that the recent ,

fall of Bataan was attributed to malaria and the lack of quinine
by United Press Correspondent Frank Hewlett and other observers in
the field of combat.

Even in normal times, malaria was one of the

most important public health problems and in the first world war
it held the dubious honor of accounting for the greatest number of
casualties due to disease.

With the Dutch East Indies now in enemy

hands~ the principal source of supply of the world's quinine is
lost to the United Nations, and although synthetic antimalarials
have been in use for some time, one cannot overestimate the seriousness of our quinine shortage.

According t o the United States Army

and Navy Munitions Board (1940), 90 to 95 percent of the world's
cultivated cinchona bark~ the only source of quinine, is grown in
the Dutch East Indies.

Besides the serious lack of quinine, we also

must consider the fact that owing to the low toxicity and relative
laok of need for close medical supervision, quinine is still the
-7-

most valuable drug for malarial prophylaxis and the treatment of.
acute malaria.
Smith (1942) reports the outbreak of malaria in a cruiser at
war as follows:

"During late April and early May of 1941, the

personnel of a cruiser, some 620 officers and men, were nightly
subjected to the outbreaks or attacks of anopheline mosquitoes at
the height of the malaria season.

The results were 159 oases of

malaria, 2 of them fatal."

In a reprint in The Journal of Tropical Medicine and Hygiene
tor 1943 (from the Medical Journal of Australia, 1942) the dangers
of acute pernicious malaria in troops and refugees from the Southwestern Pacific Zone were noted.

"Refugees and troops, many of

whom have recently spent much time in tropical jungles and swampy
country in the Southwestern Pacific Zone, are arriving in Australia.
They have been subjected to the risk of tropical diseases which may
be latent and unsuspected at the time of arrival and which may only
become manifest clinically many weeks, months, or even years later.
Apart from the danger that they may act as carriers and introduce
parasitic diseases into Northern Australia, they constitute a risk
to themselves until such infection be diagnosed and treated.
"Civilian practitioners may be called in to treat such troops
when on leave or after their discharge from the army.

Under such

circumstances it is important to remember the possibility of such
parasitic diseases as malaria, intestinal or hepatic amebiasis,
ankylostomiasis and the like.
malaria fever.

Some may give a frank history of

Others-- especially those who have been receiving

suppressive treatment with quinine-- may never have manifested
-8-

primary fever.
'tw'ithin the period of three weeks after the daily dose
of 5 grains of quinine has been discontinued, many latent cases
develop clinical malaria.

This may take the form of (1)

Classical quotidian, tertain or quarta.n fever; or (2) acute
pernicious malaria manifesting itself by hyperpyrexia or by
signs of involvement of the nervous system including coma,
profound cardio-vascular shook, severe vomiting, diarrhea,
hematemesis, anemia, jaundice, etc.

The conunonest fatal cases

belong to the cerebral, algid and cardio-vascular types.

In

cerebral malaria the coma may come on rapidly or the patient
may more gradually pass from a condition of apathy and
neas to one of stupor and coma.

drowsi-

In other instances there is

great excitability with a tendency to violence;
convulsions may precede the onset

of coma.

delerium and

The face is suffused,

the pupils contracted and the reflexes often modified.

The

temperature is usually high and various pareses may develop.
The spleen may not be palpable and parasites (Plasmodium falciparum) are sometimes scanty in the peripheral blood.

In algid

and cardio-vascular malaria the patient presents a picture of
cardio-vasoular shook.

There is a Hippocratic facies, the

skin is cold and covered with clanmy sweat.

The respirations

are shallow, the pulse is rapid, thready and weak, and the
blood pressure very low.
lumbar pain may occur.

Vomiting, diarrhea, epigastric and
Though the skin temperature is often

low the rectal temperature is usually high.
-9-

Parasites

(P. falciparum) are as a rule found easily in the peripheral
blood smears, but this may not be so if the patient has been
having suppressive quinine treatment.

In any case thick as

well as thin blood films should always be examined by a competent pathologist in patients suspected of suffering from
aoute pernicious malaria."
From the foregoing discussion we must conclude that the
clinical effeota of this endemic fever are very protean and
would tax the diagnostic ac1.m1en of the most accurate observer-How much easier would our lot be if we could "vaccinate" for
malaria as we do for Small Pox?
By two well-known and far reaching projects we feel that

we can illustrate first the need for adequate malaria control
and second the effects which this disease may have upon the course
of important military campaigns.
The first of these examples is the successful completion
of the Panama Canal.

This canal made possible the ascendency

of .American Commerce and now serves as an important artery for
the transport of men and materiel as is evidenced by the heavy
guard placed around the canal for its protection.

The

epidemiological conditions under which first the French and
later the .Americans undertook the construction of the Panama
Canal remained constant with one exception; namely, the
.Americans understood the significance of anti-mosquito measures
and the French did not.

The history of this enterprise has

been brilliantly written by Colonel Fowler (Australian Medical
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Corps) (1942) as follows:

nThe French engineers who failed at

Panama were the brilliantly successful canal builders at Suez.
'Why the difference?
a constant

French ignorance of tropical hygiene was

for each enterprise; it must have been some other

factor or factors that varied.

At Suez, de Lesseps was fortun-

ate; at a time when nothing was known of the parasitic cycles
of infectious disease, he chanced upon a region almost devoid
of endemic fevers.

Engineering works in this locality disturbed

nothing but barren sand; monor visitations of malaria occurred
only after a sweetwater canal had been led from the Nile to
Ishmailia.
demic.

At Panama deadly yellow fever and malaria were en-

The indigenous population "saturated" with infection

for many generations, had developed a tolerance for the
parasites by mutual adaptation; the herd mortality curve remained
monotonously level.

As soon as the balance of epidemiological

factors became upset by the addition to the population of
numbers of unprotected immigrants and by the disturbance of the
natural terrestrial features, the disease incidence rose abruptly
and the mortality rate speeded up.

The venture became a disaster;

de Lesseps was ruined, and thousands of people lost their lives,
all because nothing was then known concerning the cause or prevention of Malaria and Yellow Fever.
"There iK much irony and little oom.f'ort in the faot that
during this identical period a great Frenchman was being denounced
and reviled for his effort to put medical science on the track of
Pathogenic microorganisms.

Had Pasteur lived a generat~on
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earlier instead of being a contemporary of de Lesseps, the
strategical situation in the Pacific might have been somewhat
different to-day.

Curiously enough, it was another Frenchman,

Colonel Laveran, who first discovered the malaria parasite in
the human blood.

This was in 1880, and the discovery was

followed in 1897 by Ross's discovery of the same parasite in
the stomach of the mosquito.
"From then on the .Americans took up the story.

One of

the prime causes of war between the United States of America
and Spain was the threat to the United States of Yellow Fever,
which was endemic in Cuba.

As regards tropical hygiene nothing

was done by the Spaniards in either Cuba or the Phillipines.
Ai'ter the cession of these territories to "Uncle Sam", the
.Americans entered the field of tropical medicine in a big way.
The discovery of the mosquito vector of yellow fever--the
Aedes egypti or Stegomyiae-- was the work of Reed, Carrol and
Lazear in Cuba.

Lazear lost his life in martyrdom to science •

Enlightened by experience in Cuba, the United States of .America
was able to back Goethals and Gorgas in their conquest of
Panama."
How much easier would this task have been had we

8.lil

artificially developed immunity to these dread diseases!
Our second illustration must necessarily recount the
historical data concerning the Palestine and Syrian campaigns
of

1918.

Areas in which our troops are now stationed and

areas from which they must return with the possibility of
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widespread dissemination of the disease throughout this country
to say nothing of the cost and disability and loss of life
which would necessarily ensue.

Again in the interesting style

of Colonel Fowler: "The regions in which Allenby fought had
been cockpits for centuries; his battlefi elds were familiar to
many a warrior of the past, and always i t was the same story;
malaria had proved a formidable adversary and had grappled
impartially with Egyptian, Assyrian, Hittite and Jew, with
Saracen Arab and Christian Knight, with Turkish janissary and
soldier of Napolean.
"From the time that Abner fought the battles of King DaTid
to the time when Allenby led the last crusade, Megiddo or
Armageddon has ever been a key position.
ever been a hotbed or malaria.

Doubtless also it has

Current i nterpretation of

scripture regards Armageddon as the last great battle-ground
of the forces of good and evil; but the passage may easily be
given another meaning.

In the relavant chapter (Revelation xvi),

which is devoted to describing the distribution of t he seven
plagues by seven angels from seven vials, verses 16 and 17 read
as follows: 'And he gathered them togethe r into a place called
in the Hebrew tongue Armageddon and the seventh angel poured out
his vial into the air.'

This reference to a plague of the air

might readily be taken to indicate malaria, which prior to the
discovery of its true etiology, had usually been attributed to
miasmio emanations.
"At all eve.nts, history will always associate Allenby,
-13-

Armageddon, and Anopheles.

Allenby found an active -but treach-

erous ally in the auopheline mosquito when he _set out to envelop
the flank of von Sanders by way of Armageddon.

For nearly a year

before he struck the final blow, he pinned the Turks to a line
encompassed by malaria, knowing full wel l that his medical
service was better than theirs.

Racked by disease, weary of

war and imbued with a bitter hatred of their bullying Gennan
masters, the Turkish troops were in no st ate to withstand the
tremendous onslaught that was being prepared in September, 1918.
"After the complete envelopment and capture of their
seventh and eighth armies in Sam.aria, the Turkish fourth army
in Transjordania commenoed to withdraw towards Damascus.

Many

of its detached elements were defeated by Chaytor's force, but
the main body managed to extricate itself and retired north
along the line of the Hedjas railway.

A race for Damascus

ensued, with Allenby's cavalry and the Arabs in hot pursuit;
a sorry few of the hard-driven Turkish army ever reached that
ancient and historic city.
"Since the fall of Damascus twenty-one years ago, many a
stricken city has been added to war's catastrophic catalogue.
Familiarity with the grim chronicle has made us callous to the
shocking tale.

The disaster that befell Demascus, however,

was not in the modern style.

Though in a sense it was an attack

from the air, the vehicle of destruction was no mighty bomber;
the messenger of death was borne on the wings of a tiny mosquito.
"The shambles of Damascus left nothing to the imagination
-14-

of the diminutive medical units that first entered the town.
The Barada Gorge, through which passed the city water supply
beside the road and the railway to Beirut, was choked by enemy
dead and wreckage of every kind.

The Kadem Station and petrol

supplies had burnt to high heaven on the night of September 30.
Though small parties of starving_and helpless Turks were roaming
at large or lying moribund in the gutters, the main body of
fugitives from the south had collected in the Baremkie Barrack
Square.

The barracks itself had been converted into an im.p~ovised

hospital; but Red Crescent personnel (Doctors and orderlies) had
deserted their posts and had left the inmates to fend for themselves.

Malaria, dysente.ry, thirst and starvation were in sole

control.
11

It was in such circumstances that I met the enigmatic

fame enduring T. E.

Lawrence.

and

For political reasons the Emir

Feisal and his advisers had been nominated to administer the
town; Damascus was to be the capital of a new Arab Kingdom.
Owing to sheer incapacity and the lawlessness of the Druses and
other casual followers, the Arab administration collapsed with
three days. and General Sir Harry Chauvel assumed control.
Australian light Horse had cleared the barrack square of its
ordinary ambulatory prisoners soon after the occupation, but
within the building hundreds of patients remained unattended.
On the morning of the fourth day I was ordered to deputize for
the Deputy Director of Medical Services and confer with Colonel
Lawrence on the spot.

At the time appointed, having thrown. the
-15-

reins of my horse

over the cast-iron pickets of th~ enclosure,

I awaited the arrival of the blue-eyed Emir.

I had not long to

wait before he stepped from a dusty Rolls-Royce chassis which
drew up beside me.

Lawrence wore spotless white bedouin dress

and a gold-hilted shereefian sword which marked his princely
Together we threaded our way through the litter ot

rank.

accoutrements in the courtyard towards the main portico of the
building.

We had not proceeded far on our inspection when the

sensitive Lawrence desired to be excused; this man of high
adventure and natural courage had no stomach for this sort of
thing.

Unburied dead sullied the courtyard; dead men fixed

us with a stare from every angle of the entrance hall; dead men
encumbered the stone stairways, dead men filled a fifth of the
hospital beds.

The survivors, either maniacal or comatose,

were surrounded by abomination indescribable; there were putrid

bodies and loathsome odour on every hand.

Incompetent latrines

had overflowed till every corridor was awash with liquid excrement.
Window-easements had been used as middens and scores of windows ills, thus defiled, dripped with fecal stalactites.

Little

wonder that I finished the round alone!
"By this time the Turkish resistance had practically come
to an end; Allenby and Anophelines had administered a knock-out
blow.

It was now time for the British Troops to pay the price

of victory, exacted by malignant malaria to the last red
corpuscle.

Chaytor's force suffered 3,000 casualties during

the month of September; the Australian Mounted Division was
-16-

immobilized in Damascus with half its strength down with
malaria and pandemic influenza; the Fourth Cavalry Division
struggled to Reyak: and Beirut, but could go no further; the
Fifth Cavalry ' Division, supported by armoured cars and fresh
.

Arab Tribes, succeeded in occupying Aleppo, thus slamming the
backdoor to the Turks in Mesopotamia."
The foregoing stories could not be more dramatic or
horrib,l e were they fiction; it makes one break into a cold
sweat to consider that -with a slight break in sanitary
measures the whole terror of disease wil l be loosed upon the
troops and the world.

From a purely military point of view,

ho~~ver, it is possible for the general staff to make use of
a disease offensively.

As illustrated by this campaign,

Allenby, whether wittingly or unwittingly, exploited such means
in the Palestine campaign.

The Jordan Valley stalemate of

1917-1918 may be regarded as a strategical offensive, in that
the Turks were pinned down to an exceedingly malarious area,
with the result that their capacity to reach the tactical stage
was crippled by disease.
We are now ready to pass to a consideration of the bionomics
and extent of this disease, Malaria, throughout the world.
Malaria is one of the major tragedies of mankind; it is about
the most widespread, the most persistent, and the most destructive
force in human experience.

India has long suffered from the

disease, its history being traced to accounts of the disease
as long ago as the year 900 B.C. Today (1942) malaria probably
-17-

infects half of its 350,000,000 inhabitants and kills
1,000,000 ·of them every year.

It becomes immediately obvious

that a survey of the distribution of the parasite and the incidence
of this disease would be a monograph in itself; therefore, we
have taken examples picked more or less at random to illustrate
the endemic potencies of this disease, whether in time of peace
or in war.

It is interesting to notice t hat all of the countries

to be disoussed either contain .American troops or are in danger
of invasion.
Thomson (1934) reporting on Malaria in Nyasaland made the
following conclusions: (1) Probably not more than 10 per 100
births live to be six years of age; however, the role of malaria
cannot accurately be assessed, but it must play a large role
because of its prevalence, and (2) Parasite rates of native
children by the single examination method averaged about 43-5'7%,
varying with the altitude; how~ve~, when 103 children were examined each month of the year, 99 were positive at one time or
another as determined by peripheral blood studies.
Duren (1940) reported on endemic malaria 'in the Kwango
District of the Belgian Congo, finding that very few of the
native children ~howed obvious signs of chronic malaria.
Parasites were found in 33.6% of the 752 bloods examined; however,
in the first year of life only 6.25% of infants harbored parasites;
thereafter, the parasite index increased, attaining its maximum,
45% in the age group 11 to 20 years.

In Bulgaria the chief malarial regions are found along the
-18-

Great rivers (Danube, Maritza, and Struma) and in the costal
region.

In the Strum.a regiom Pl~~mo_ciJ_U!fl_ faloi£ar'Ulll is the

most common invader in the auttnnn and at this time spleen rates
reach 80-100%.

The mortality rate is highest in the struma

area.
Russell (1936) reported that in the Philippines, malaria
is responsible for 10 to 20 thousand deaths annually in a population of 13,000,000.
yearly.

There are probably about 2,000,000 cases

As a rule the disease does not occur in the large

cities, and in general is not the serious menace that it is in
British or Dutoh Malaya.

Barber found a parasite index of 11%

and a spleen index of 13.3 as the result of examinations in 14
provinces.

Lastly the malarial mortality rate has fallen fran

662/100,000 to 77/100,000 over a period of 27 years ending in
1932.
Lutrario (1935) in a review of the history of malaria in
Italy draws attention to the importance of this disease by
pointing out that there is a rhythmical rise and fall in
incidence of this malady.

Small cycles often ooinoide with

yearly seasons, larger ones with periods of 4 or 5 years, and
others yet larger whose duratioh is to be measured in eentur,i es.
These large cycles are demonstrable in the history of Rome--

In its early days Rome was free from malaria, but in the third
century B.C. the disease appeared in epidemic form.

At the

beginning of the present era, Rome was once more healthy, but
in the sixth and seventh centuries malaria returned to the
-19-

oountry; in the ninth'• the country was once more devastated
by malaria.

The next period of relative freedom appears to have

been at the tilne of the Renaissance, but from 1600 to 1750
malaria was again severe.

Then once again there was an

amelioration until the mineteenth oentury when malaria increased
again.

To illustrate the importance of malaria to modern 1 taly.

we need only mention the Italian Law of June. 1933 which was
abstracted by Lutrario (1933) as follows:

"Antimalarial work

will be coordinated in each Province by a provincial committee.
Free quinine and other drugs. and free medical treatment. are to
be given workmen. employees. and their families in malarious
districts, at the cost of the concessionaires and contractors.
When a man leaves a district he is given a health card which entitles
him to free treatment and quinine for him.self and his family for
a period of six months.

The family of a man who dies from

pernicious fever is entitled to the same compensation as if he
had died from the result of an accident.

On

the advice of the

committee the prefect of a province can stop any work which
interferes with drainage, and no quarries or excavations can
be made without his sanction.

Through him the committee has

power to enforce the adoption of antilarval measures and the
screening of houses for peasants and labourers. 11
The Indian Medical Gazette for February of 1942 contained
the following note concerning malaria:

"Malaria is easily the

largest public health problem in India.

The deaths from this

disease number about a million and a quarter every year while
the number of attacks may be as high as 100 millions."
-20-

Sinton (1936) attempted to assess in terms of money the value
of the work the malaria-stricken people of India leave undone,
the loss on the work they do badly, the cost of the medicine they
consume, etc.
headings:-- (1)

This tremendous bill was made out under four
The effect of malaria upon the natural increase

of the population, (2)
of the people, (3)

Its effect upon the health and vitality

Its effect upon the social, intellectual and

political progress of the nation, and (4)

Its effect upon the

economic, agricultural and industrial development of the country.
He finds that malaria lowers the birth-rate by reducing the number
of conceptions and by causing abortions and still-births.

Evi-

dence is quoted that impotence is common in waterlogged villages
and in the malarious parts of the Terai.

In a record of the year

1870 concerning villages along the lfestern Jumm.a Canal, it was
stated "the unfruitfulness of women is a subject of common
remark, and the consequent difficulty of inducing other Jat
fa:milies to give their daughters to the men of Panipat and the
environs of the canals generally is very great."

As regards

abortions, it has been estimated that, in Bengal alone, the
potential population is lessened annually by 800,000 persons
from this cause, and that 37.8% of these abortions are due to
malaria.
Colonel Sinton estimates that malaria raises the death
rate not only directly but also ~indirectly; for by lowering
the general vitality of a community

it prepares the ground

for other diseases, and is responsible for many a death of which
-21-

it is not actually the immediate cause.

It seems probable that

malaria, by its direct and indirect actions, is responsible for
at least 2,000,000 deaths each year in India.

The number of

persons suffering from. malaria annually in India is canputed at
the high figure of 100,000,000; in addition to this there are
those suffering from an indirect morbidity predisposed to by
this disease which may be between 25 and 75 million cases •••••
Apart from the economic loss caused by the action of malaria
upon the mental state of the population, this disease has the
deplorable effect of hindering greatly the intellectual, social
and national developnent of many people afflicted.

The cost of

medical attendance in respect of malaria in India is assessed
at 15 million pounds annually, the loss in wages at 18 million
pounds, the loss from post malarial inefficiency at 22 to 55
million pounds, unprofitable funeral expenses at 500,000 pounds,
ecenomic loss £rem_deaths directly due to malaria 67½ million
Sterling.

Beyond all of this there are the financial losses

of the community in respect of the values of houses and• land.
Agriculture loses incalculable sums because of the avtion of
malaria in causing the loss of work, and the abandonment, Lmperfect cultivation, or retarded development of large fertile
tracts.

And so the bill continues to mount to close with the

following quotation:

11

Every once in a while somebody rises up

to criticise modern parents for devoting too much time to their
children's physical well-being (as compared with their spiritual
and educational) •••• Our righteous ancestors disregarded their
bodies and paid attention to their souls, and it might be added
that in neglecting their bodies in the interests of their souls.
they beat us to heaven by an average of twenty years."

De Mello and De Sa Bras reporting in 1935 give us an exampl! .

of what can happen to a city under the scourge of malaria.

"Nothing

remains of Old Goa but a mass of ruins overgrown with luxuriant
vegetation.

Its total population numbers only 75 persons, and

only half of these are in permanent residence.
abandoned wells e.nd pools."

It is full of

This city is notorious throughout the

East for its malignant type of malaria.

Its chief value being

sentimental for it is the burial place of St. Francis Xavier and
hence is a place for pilgrimmage for catholics from over the
entire world.

The former city is likened to the

11

Rome of the

East" and in its glory maintained a population of 300,000
persons.
.Let us turn to the record of the Army of the United States
as presented by Simmons (1942):
Period

An

Hospital admissions per 1,000
white troogs

1819-1880

200-1,000

1880-1900

100

1901

392

1902

254

1903

183

1921

10.9

1938

3.8

1939

3.8

editorial in the Southern Medical Journal for 1935

states that malaria continues to be a public health problem in
the south.

Malaria incidence rises and falls at periodic
-23-

intervals, and in 1934 there was a greater peak than has
occurred in the last two decades.

It was estimated that there

were over 5,000,000 oases in the autumn of 1934.

"With each

rise in rate there is an increase of severity and last fall
saw a number of cases of black water fever and many of cerebral
malaria.

Each peak is aooompanied by a northward reinvasion of

recently vacated territory, and for a brief period in 1934
this reinvasion reached even into Ohio and there was an isolated
oase in southwest Michigan.

The oost to the South was one-half

billions of dolla~s.~
The following chart will perhaps illustrate the incidence
of malaria in the Southern United States in a more striking
manner. (See next page)
The Malaria Commission of the League of Nations (1934)
summarized the effects of malaria and war as follows:

"Poverty

and starvation, the migration and mingling of races, and the
disorganization of public health services, were the cause of
a tremendous increase in malaria during and after the last war.

In Italy, the mortality from Malaria before the war was 60 per
million, but by the end of it, this figure had risen to 320,
and only fell to the pre-war level five years later.

The malaria

morbidity in Russia had never risen above 3,500,000 before 1914,
but in 1923, it was 13,500,000.

A similar increase occurred in

other parts of the world, and the disease reappeared in some
countries which had been free .from it for many years.

Under

these conditions the malaria problem became a serious medico-24-
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Chart ~llustrative of Malarial Mortality in Southern States
for the Period of 1925 t o 1933 . {Rate per 100,000 population).
Note :

Only the significant rates are illustrated on this chart;

other southern states; namely, Tennessee, Oklahoma, North
Carolina, Texas, Kentucky, and Virginia have malar ial mortality
'rates which normally amount to below 5 deaths per 100,000
population.
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social question and offered an excellent o·?portunity for international as sisteince. 11
It is hoped that in this brief review which has only attempted
to mention some of t':e incidents vd.th regard to the ravages of
this disease, we have established a need for development of a
knowledge of and a practical appraach to the development of immunity
in malaria.

Summing up the present status of malaria we find

the brief statement of Colonel Simmons (1942) most effective.
"Malarai is the most widespread and the most dangerous disease to
which our troops will be exposed.

It is present throughout the

tropics and subtropics of the entire world, and each year it causes
more disability and deaths than any other infection.

The army

has established an enviable record in its peace time control of

'-'

malaria among troops living in perm.anent stations even in our
tropical possessions.

During the recent mobilization, it has

been possible to maintain this good record in the United States by

the execution of an extensive mosquito control aam~aign, which in
1941 alone cost a million and a half dellars.

l~e cannot hope for

similar results among troops living in the field, even in this
country, and must be prepared to meet the infinitely more dangerous
problem of controlling malaria on our many new frontiers.

Un-

fortunately we have no vaccine with which to immunize troops against
malaria.

Quinine or atabrin is provided for prophylactio use

under certain conditions in the field.

However, neither of these

drugs is a real prophylactic, as they do not prevent infection but
simply delay the appearance of clinical symptoms during their
use.
~

iieuce, the field control of malaria must be based primarily~
-26-
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on the sanitary precautions required to protect men against
infected mosquitoes.

This is a difficult task but one which must

be carried out thoroughly and unremittingly if the health of the
command is to be maintained.

One of the greatest medical contri-

butions that could be made to this country at present is the
discovery of a really effective agent for the prevention of
malaria in the field."

'-'
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SEROLOGICAL REACTIONS USED IN THE DIAGNOSIS OF MALARIA

Diagnosis of malaria in the laboratory is usually made by finding the Plasmodiurn in the blood smear, chances of finding the
parasite in low grade infections has been greatly enhanced by the
general adoption and perfection of the thick film method introduced by Ross in 1903.

For experimental purposes and for diagnosis

of very low grade infections or infections under treatment, serological diagnostic proceedures are definitely of value; however,
they are probably not so reliable as in other infections.

The

chief reactionsto be here considered are the complement-fixation
reaction, precipitin reaction, agglutination, and henry's melanoflocculation reaction •
I.

'-"

Complement-Fixation Reaction -This like most of the innnunity factors in malaria has been

.

a very controversial issue.

Among the earlier workers to report

negative results in specific complement fixation ree.ctions are
de Blasi (1907), using an antigen of red blood cells heavily

infected with malarial parasites, Mircoli (1908) usinp: extracts
of infected red cells, and Ferrannini (1913) using both alcoholic
and aqueous extracts of infected spleens.

Gasbarrini (1913) on

the other hand obtained quite promising results using as an
antigen heavily parasitized red cells washed three times in 0.9
per cent sodium chloride, laked in distilled water, dessicator
dried and used in a 1/30 dilution in saline.

Essential was the

treatment of the serum with sheep cells for 20-30 minutes.

In

1914 the same author reported that serum from patients during
rigor or febrile stage would fix complement, during latent malaria
-28-
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would fix it weakly, and during chronic malaria would not fix
it at all.

J. G. Thomson (1918 and 1919) obtained promising results with
an antigen prepared from parasitized red cells by first culturing
to increase the number of parasites, then hemolyzing with distilled water, dissolving the sediment in 0.1 N Na.OH, neutralizing
with N Hcl and then diluting until there was no anticomplementary
action.

'1'homson's method gave pseudo-positives with syphilitic

serums and probably showed a. group reaction for a.11 species of
malaria..
Horowitz~Vilassowa (1924) prepared a test antigen from the
peripheral blood or placenta of acutely infected patients or even
from the brain in cases of cerebral localization.

The method was

to add 100 cubic centimeters of distilled water containing O .1 gm.

'-'

of quinine hydrochloride and a few crystals of thymol to 160 grams
of minced placenta.
1lirotschnik (1925) with a test antigen prepared from infected
cells obtained the following results:

On 213 malarial serums,

43% gave a strongly positive reaction, 30% gave weakly positive
reactions, and 27% gave negative reactions.

In 1926, Savtohenko and Baronoff reported a great specificity
of the reaction using antigens prepared from the spleen and liver.
Test antigens from!:!_ talc~_p_arum infections reacting only with
ser\llll from subtertia.n infections.
Kingsbury (1927) reported quite sati•factory results using
saline emulsions of washed and hemolyzed infected blood.
Thus far we are forced to the conclusion that complement-29-
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fixation procedures for malaria are quite inaccurate and un- _
reliable, chiefly because of difficulties in preparation of the
antigen and in the standardization of the materials to be used.
Most promising and the most conclusive results will be presented,
as worked out within the la.st few years.
Coggeshall and Eaton (1938) reported a specific complementfixation reaction for Plasmodium knowlesi in rhesus monkeys.

They

found that specific complement-fixing antibodies appeared early
in the course of the experimental infection and persisted during
the course of the chronic infection but during the chronic infection
there was a fall in titer preceding each parasitic relapse followed
by an elevation after termination of the relapse.
Eaton and Coggeshall (1939) again reporting state

._,

"attempts

to obtain a complement fixation reaction v,i th sera from human beings
with Plasmodium vivax and Plasmodium. falci£arum similar to that
obtained for monkeys infected with Plasmodium know1esi have, in
the past, led to inconclusive results because no sensitive,
specific, and easily standardized antigen was available. 11

In

this study the antigens were prepared from (a) normal monkey red
blood cells, (b) parasitized red cells of monkeys dying ~~th!'..!.
knowlesi infections, (c) spleens of monkeys dying with P. knowlesi
infections.

The sera caine from (a) normal human beings, (b) syphilitic

patients, (c) patients with paresis who were receiving malaria
therapy with!!._ knowlesi, E.:., vivax, and .!:.!_ falcipal"'llI!l, and (d)
patients with malaria alone.

The malarial antigens gave negative

complement-fixation reactions with 70-80% of the luetic and normal
sera and weak or doubtful reaction with the remaining; 20-30'io"e
-30~
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The most sensitive and specific malarial antigen was prepared

from dried parasitized red cells by extraction with saline, freezing
and thawing; this P).asmodium knowlesi antigen gives strong complement-

fixation with malarial sera from human beings infected with P.
k:n.owlesi, .!:.!_ vivax, or.!:.!_ falciparum.

The titer of such antibodies

reaches a maximum about one month after the beginning of the acute
inf'ection, diminishes rapidly but may remain positive for as long
as twelve months.

The complement-fixation reaction in malaria is

group specific rather than species specific, sera from patients
infected 111.th P. vivax or P. falciparum reacting in the same
way with the

.!:.!.

knowlesi antigen as the homologous sera.

Absorption

of malarial human sera with normal monkey erythrocytes does not
remove the :i.rnmune bodies which fix complement with malarial antigens.
·_,i

In summary these authors felt that they definitely proved the complement-

fixation reaction to human malaria with an antigen prepared from
the monkey parasite, Plasmodiu.m knowlesi.

The same authors (1939b) carried out experiments attempting
to detennine whether or not complement-fixing, agglutinating, and
protective antibodies, and active immunity could be produced in
rhesus monkeys by intravenous or intra~eritoneal injection of nonliving antigens prepared from~ kn_~lesi.

Experiments were carried

out upon rabbi ts and monkeys with antigens prepared by killing
organisms by heat or drying, the results of the experiment for
complement-fi:z:ation were as discussed in the last paragraph; however,
no agglutinating or protective antibodies were developed in either
the rabbit or the monkey.

Protective antibodies being developed

only when living organisms ,,ere used and then the reactions -31~
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were not conclusive.

Hence these workers concluded that the

antigenic component of the p:i.rasite concerned in agglutination is
different from that taking part in complement-fixation; they
postulated the protective antigen to be labile and thus destroyed
in the preparation of the antigen.

The authors were thus forced

to conclude that the antigenic properties of Plasmodia are manifold
and specific from one another, the one being quite stabile, whereas,
the other is labile.
Eaton (1939) reported that when rhesus monkeys with acute
Plasmodium kncwlesi infections recover after administration of
quinine, complement-fixing antibodies are present at maximum tite~
in the serum soon after the first acute infection has subsided;

protective and agglutinating antibodies are demonstrable somewhat

·-..,,

later in the course of the chronic disease.

A soluble malarial

antigen was prepared from the serum of monkeys viith acute Plasmodium.
knowlesi; this antigen was injected into nonnal monkeys and their
sera tested showing the presence of complement-fixing antibodies,
but no protective or agglutinating antibodies.

Hence once again

we have evidence that the antigens and antibodies concerned in
complement-fixation reactions are different from the antigens and
antibodies concerned in active immunity and passive protection.
Stratman-Thomas and uulaney (1940) state that the complementfixation test in malaria is closely correlated with the presence
or recent presence of malarial parasites in the peripheral blood.
In sera from individuals known to be infected with malaria a

positive complement-fixation means the presence or recent presence

....._,

of malarial uarasites in the peripheral blood.
-32-

A negative cornplenrent-

I
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fixation reaction does not rule out the oresence of malarial
parasites.

These authors felt the test yielded highly specific

results in human malaria; several antigens were tried but the best
results were obtained with the use of an antigen prepared from
~

lmowlesi parasites collected from laked red cells of higlly

parasitized monkeys.

The parasites were washed free of hemoglobin,

dried and ground and when ready for use the material was rehydrated
with saline and then frozen and thawed.

These workers confirm the

group specificity pointed out by Eaton and Coggeshall (1939).
Apparently the complement-fixation with malarial antigen is not
modified by preexisting syphilis.
Ray, Mukerjee, and Roy (1941) confinned the previous findings mentioned using antigens prepared by alternate freezing and
'1-,I

thawing of a suspension of heavily infected red cells from a
monkey or by exposing the infected red cells to monkey red cell
hemolysins prepared by injecting normal monkey red cells into
rabbits on several oooasions.

Some success was obtained by using

antigens prepared from saline extracts of the spleen or blood of
monkeys at the end of the acute in.fectior, stage.

These exper-

im.euters noted some false positives which they attributed to the
presence of traces of blood cells in the antigens used for immunizing
the rabbits to develop immune serum.
Taliaferro (1929) states that in spite of aany claims of positive
Wassermann reactions in malaria uncomplicated by syphilis, modern
investigators are more and more certain of the opinion that with
properly controlled technique, malaria alone does not yield a
positive Wassermann reaction.
-33-
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II.

Precipi t~

~

Preliminary tests on precipitins in :malaria by Ziemann (1924)
were unsuccessful.

Pewny (1918) obtained precipitates within

twenty hours by using as antiserum the serum from patients infected
with malaria and e.n antigen prepared from blood clots of a malarial
patient.

Both malarial and non-malarial serums were negative with

an antigen prepared from a normal clot.
W. H. and L. G. Taliaferro and Fisher (1927) and W. H. and L. G.
Taliaferro (1928) carried out a total of 3,043 precipitin tests in
Honduras using some 112 different antigens with fair results;
however, when they attempted to repeat the procedures in Porto
Rico, they obtained poor results.
Stratman-Thomas and Dulaney (1940) state that antigens pre-

'-'

pared from para.sitized

(f!.

knowlesi) monkey blood were totally

unsuited for precipitin tests, since positive reactions occurred
with sera. of both malaria free and infected human cases.
Coggeshall (1941) summarizes by stating that Pewny (1918),
Zieman (1924), Taliaferro and Taliaferro (1928), and Row (1931)
have attempted to demonstrate specific precipitins in malaria
immune serum, and although suggestive, none of the reports appear
to be entirely conclusive.
III.

Agglutination Test
Ea.ton (1938) states that precipitins and complement-fixing

antibodies from the immune serum in human malaria have been demonstrated, but that up to 1938, agglutination of malarial parasites
by immune serwn has not been demonstrated.

The specific agglutination

of Plas-modium knowlesi, described by this worker, by immune serum
_,,,I

suggests that a specific sensitization of the parasites may occur
~~which renders them more susceptible to sensitization

.__,,
phagocytosis by macrophages of the spleen and other phagocytic
cells.

Some of these immune sera agglutinate the parasites at

dilutions as high as 1/1000, it is, therefore, possible that as
little a.s l cubic centimeter of these sera. injected into an infected animal could produce a sensitization of the parasites in
the blood stream.

The appearance of agglutinins in the sera of

monkeys after the recovery from the acute phase of the infection
P. knowlesi also suggests that the relative innnunity of these
- - - - -

<

animals is associated with the presence of sensitizing antibodies
in the blood stream.
Brown (1933) and Findlay and Brown (1934) have shown that the
serum from a canary ~~th a latent malarial infection is capable
of reducing the electric charge not only of canary red blood

'-'

corpuscles but also of mouse corpuscles end even bacteria.

This

property is evidently related to an increase of the euglobulin
fraction of the serum leading to the formation of a lay•r of
euglobulin on the surface of an antigen.

These workers present

evidence suggesting that the serum of canaries with latent malaria
is capable of sensitizing infected red cells thus rendering them
more susceptible to phagocytosis, as evidenced by an increase in
the incubation period after inoculation of the sensitized cells
into clean birds.

The electric charge of the cells during an

attack is correlated with the size of the spleen and the degree
of phagocytosis of infected cells by the macrophages in this organ.
Hewitt (1940) comments that at the present time it is not
definitely known if this factor of reduced charge is of sufficient

....,,,,

importance to include as one of the factors governing immunity".
-35-
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Eaton (1938) states that the non-specific sensitization of
Findlay and Bro',.n is not to be confused vd th the specific
sensitization and agglutination observed in monkey malaria;
however, since agglutination of normal red blood cells by the
serum of one monkey with chrom.io malaria has been observed, it
is possible that non-specific factors do play a part in the agglutination and phagocytosis of parasitized cells; however, in monkey
malaria these non-specific effects are not as prominent asthe
specific agglutination.

They further conclude that agglutinins

for.!:.!_ knowlesi appear in the sera of monkeys between 15 and 45
days after the onset of the infection and become progressively
stronger as the malarial infection gradually subsides.

Agglutinins

persist in the sera of chronically infected animals for a year or

'-'

longer; sera of repeatedly superinfected animals
parasites at dilutions as high as 1/1000.

agglutinate

Sera from nonnal monkeys,

monkeys acutely ill with malaria, and from monkeys chronically

----- -

-

infected with Plasmodium inui do not agglutinate P. knowlesi.
.

Such immune serum ~~11 agglutinate mature intracellular or
extracellular parasites but will not agglutinate unparasitized
cells or cells containing immature parasites.
Somogyi (1938) confirms the work of Eaton.

Singh and ~ingh

(1940) carried out ag:glutination reactions with sera from monkeys
harbouring three species of simian plasmodia (antigen used was
parasitized red cells of monkeys infected vrith Plasmodium knowlesi);
---·-

---

-

~

there results indicate that agglutination occurred only in chronic
infections with!:!_ knowlesi., but not with sera from monkeys infected
with P. cynomolgi and P. inui; there was hence absence of crO'Ss

.._,,,,,

-

---~6-

~

agglutination.
Mulligan, Russell and Mohan ( 1940) report that normal sera
and heterologous malarial sera from monkeys suffering from acute
and chronic infections with I:.:., knowlesi, f.!_ cynomolgi, and I:.:.,~
agglutinate the sporozoites of the avian plasmodium (!:.!_ galliuaceum)
in low dilutions, not exceeding 1/128; but in contrast homologous

malarial sera agglutinate in dilutions ranging from 1/1000 to
1/65000, suggesting that the sporozoite agglutination, at least
in high dilutions is prob&bly a specific reaction.

IV.

Hen_!Z's Reaction
Kritschewski and Demidowa (1933) investigated mele.noflocculation

in birds infected with

~

relictum and I!_ cathemerium, and

concluded that antibodies are formed in infected birds against

'-"

the malarial pigment, and that these react with melanin to form
flocculent precipitate in serological tubes.
Conversely Bru.~pt and Chorine (1937) found that the serum of
nonne.l fowls gave a positive Henry's reaction, and that the
abundance of malaria pigment in birds infected with !'..!,_ 15.allinaceum
did not increase the intensity of the flocculation.
Hewitt (1940) summarizes the status of this reaction as
follows:

11

In view of the conflicting opinions 1uhich exist con-

cerning melanoflocculation tests in human malaria, it seems unwise
to base conclusions on its efficacy in avian infections from the
little data available; however, v;hether or not it demonstrated an
antibody response is very questionable at the present time. 11

-37-
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'..t;;ir;::,rs

;:.:.ince •;;e : ill really be cc,ncerned with fJ!lSsive immunit:t in this
section, ,:o f:hould keep in mind sever?.l definite factors 1
(1)

e ar,;;, concerned ·,,ith t},e .,roductiou and

iehi:,v:1.or of s'.•ecific

antibodies.

(2)

It has been conclusively demonstrat-:id tLat the r'.evelo:Jl'nent

of i7lr:itmi ty in malaria is acooxi.Jtulied b:r the deve lm,ment of

~3:$ cific antibodies in the circulEttjr,p: jJ.ood.
(3)

'Ihe study iB handica1;ped by the lac ( of a n1etLod. of cultivation,

by the lack of a nethod of oonoentr(,till:l". tho :11alarial plasmodia,

ltnd by the ft.ct that hur,&.n strains (species) &re not knmm to
be infectious for a lo, er E,nin1e,l.

I.

Convule~:oent :.crum i'rom 'e.tients r.ith Long ~,ta.ndine
-lfse -of ----------- - ----- - ~-------~~----

'-"

chronic infections.
::;otiriade :, ( 1917) obtti.ined serum f:rnm e.n Atheni1-..11 vhose blood
ht~d t.'or rrumy months slm:1m crescents, ,,tioh treatnent did not e.ffeot,

al thour;;h it. im:. roved his clinioRl syrn:.-tons..

Sore ten cubio

<:,entirr,oters of this ierum v,as adr,1inistcrm; subcutaneously into a

ueoornl l atient with rinr forms in his blood, enlarP'.i;d s leen, fever,
:r,ervous disturlHu1ee::::, end :'rofound debiL~ty.

, ithin eitht hours,

s;vm ,torr1s h;;,.d dise.1.;:,ee.red. bnd his torr1.i:,err1:ture had fallen from 103

to fJ9

.n° •

Four days lo:tf:r, e, rela 0)se inr 1.ic,Itod by

res ,O:'!.dec. · i thin four hoi.;.rs

a ~econd dose.

'v:;

givon tho follo·.·inr:; day and the

Ft

.6°

milder paroxysm

.:. third dose ,1ras

:,.tient f'ischa: :·ed t,.-,elve days
4

later rre,:- of fever.
In 1927 Kauders ,11,.i.le , orkinr, u;,on :'..nduced ~alarie. in paretios

noted thu.L a sucond infection

'-'

\iflS
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diffici.lt to ,,ff'Eiot, and ,.-hen

'-"

Produced. required repeated injections of the organism

a.ncf

resulted in an infection with a. prolonged incubation period which
c:\ed out in four or five attacke.

The injections of 1-2 cubic

centimeters of serum from such patients after recovery proved of
benefit to nine out of twelve infected patients; five of the
nine recovered from their fever, which could not be provoked a.nd
did not return spontaneously.

Similar injections of serum from

normal persons or those suffering from acute malarial attacks
were ineffective.
Findlay and Brown (1934) working on canaries believed that
they could demonstrate some protective action if they used
sufficiently large doses of immune serum in conjunction with a

very small infective dose of parasites.

.'-'"

Sotiriades (1936) reported clinical improvement in seven
malaria-infected pa.reties after intramuscular injections of 20
cubic centimeters of whole blood taken from individuals with
chronic malaria; in one case the injections of serum were combined
with administration of small amounts of quinine.
We must take into oonsideration;however, the great infrequency
with which malaria is treated by such a method; surely if it
possessed any great merit it would be a recognized method of
therapy, having been attempted so many years ago.

Although the

presence of such passive protection is not denied, its practicality
is certainly questioned by most workers.
II.

Protection Tests in Animals
Certain observations have led experimenters to infer that

specific humoral immune substances are present in the host during
-39·~
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chronic malarial inf'ections; first in avian malaria the recovery
from the initial attack is so rapid it is often called a crisis
(yet it is known that the macrophages are constantly removing
parasites from the beginning of the infection; second an animal
after recovery from a malarial infection is usually immune to
reinfection with the same homologous parasite).

All workers seem

to inf'er such a humoral antibody yet point out that these antibodies appear in the seru.TI in such low ooncent~ation that their
presence cannot be demonstrated by ordinary protection test methods.
Moldovan (1912) left serum of birds with latent inf'ections
in contact vrith parasiti:zed cells for l hour at 37°c. but no

protection was demonstrable when these parasites were injected
into birds.

._,.

If. H. and L. G. Talia.ferro (1929) were unable to demonstrate

either protective or curative action when latent serum was injected
into parasitized birds, and latent serum did not sensitize parasites,
in vitro.

These workers concluded that no humoral antibody was

involved in the acquired immunity

of

birds with latent infections

to superinfection.

In 1922 the Sargents attempted to determine whether splenio
extracts prepared from canaries and mice would have a preventive
or curative effect on infections with P. relictum; there results
were negative in nearly every case.
Nauck and Malamos (1935) failed to demonstrate protective
action in monkeys irrespective of the time the serum was injected.

Et. Sergent and Catanei (1937) found that serum from birds

.._,

infected with P. relictum produced no preventive or immunizing
-40-
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effect.

There procedure wasto inoculate very small doses of

malarial serum subcutaneously before, during, and after new
infections had been produced in experimental birds.
In 1937 the issue was seemingly settled that no protective

antibody action existed; however, Coggeshall and Kumm (1937) found
that protective antibody action existed; They found protective
substances in the serum of monkeys harbouring chronic infection1J
with.!:=. knowlesi and~ inui, and that the serum of such animals
when injected into nonnal monkeys is capable of conveying passive
immunity in the animal recipient to the homologous parasites; and
further t'.1at nonna.l serum was entirely without effect.

'.i:heir

success was based upon the fact that they recog;nized that large
amounts of serum must be used to demonstrate the presence of the

'-

protective a..~tibodies and secondly that the protective action is
most pronounced when the serum was administered in daily doses
throughout the course of the experimental disease; the1Je was little
effect when the serum 11,as given in single large doses at anJ' time
in the course of the disease.
Coggeshall and Eaton (1938) reported that smaller dosages of'
parasites than formerly used require proportionately lesser
amounts of immune serum for effective protection.
Hegner and Esk:ri:dge (1938) attempted to protect canaries from
a virulent strain of~ cathemerium by injecting into them large

quantities of serum from birds suffering from active and subpatent
infections with the same strain.

Serum was obtained from uninfected

birds, infected birds v1i th subpe.tent conditions and birds with
acute infections.
·..,_,,,,1

The serum was dried and then when injecte.d,
-41-
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pulverized and dissloved or suspended in saline solution.
Three birds were treated with each type of serum.

One-half

of the total serum obtained from one bird was injected into each
of the experimental birds until each bird had received five doses;
each of these birds and three untreated oont~ols were then
inoculated with equal doses of parasites.

1he three control birds

exhibited the symptoms, pathology, and parasite numbers characteristic of the strain and one of them died.

The three birds

inoculated with normal serum had severe symptoms and pathology
and very high parasite numbers; two of them died.

l'he three birds

injected with serum from subpatent birdshad severe symptoms and
pathology and extremely high parasite numbers and all died.
The three birds injected v,i th serum from birds suffering from acute

'-"

infections exhibited practically no s:vmptoms or pathology, there
parasite numbers were high but none of them dies.
In 1939 Hegner and Dobler repeated the experiments carried
out the year before by Regner and Eskridge with confirmatory results;
however, in addition they used acute serum heated to 56°0. for 3 0
minutes and found that protection was not conferred in experimental
birds against either the toxic substances or the number of parasites.
At the same time they noted that injections with fresh and dried
spleen gave only slight protection.
Manwell and Goldstein (1938) experimenting with P. oircum.flexum.
infections in canaries showed that large amounts of serum from
infected birds was completely protective to uninfected canaries
against subsequent inoculations with viable parasites.

A less

effective protection was obtained '9hen the serum was injected into

,...,,,
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birds already parasitized.
Taliaferro and 1·aliaferrl (1940) in a study of immunity in
chickens against!=.. lophurae concluded that acquired immunity can

ve

passively transferred to normal chickens provided sufficiently

large doses of innnune serwn (from latently infected chickens) are
used and continued over a sufficient period.

ihe incubation of

immune serum with parasites at 37°C. for 2 hours and injecting the
mixture into chickens greatly enhances the protective action of
the immune serum as compared to injecting serwn and parasites
without incubation.
Coggeshall (1940) states that blood serum obtained from
paretics after induced P. knowlesi malaria exerts a protective

-----

.

action, ~hen administered to rhesus monkeys, a~ainst infections
by the same parasite.

'-"

The serum of these same individuals before

inf'eotion is without effect.
Manwell and Goldstein (1940) studied the effect of therapy
with immune serum in 32 cases of P. circumflexum infection.

'Ihe

therapeutic serum was in all cases obtained from chronic oases
vrhich had been previously superinfected to raise the immune titer.
From their results they made the following conclusions: (l) passive
im.TU.unity can be conferred in avian malaria at least to fiasmodium
circumflexum, (2) whatever the nature of the protective substances
present in the serum of chronic cases 1 they are present in very
low concentrations-- 'l'his concentration can be raised by superinfection--These substances may be strain-specific or species specific,
(3) serum therapy given previous to infection seems to be more
effective than when given afterward 1 and (4) ag~lutination of ceils
-43-
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parasitized by Plasmodium ciroum:f'lexum when mixed w~th immqJle
serum was observed.

Singh and Singh (1940) demonstrated the protective value of
innnune serum in treating~ kno~lesi infections in monkeys, addi~g
confirmation to the work of Coggeshall a..~d Kumm (1937).

It was

found, however, that while effective protection was afforded
against the fatal effects of~ ~~w~e~j. in some of the monkeys,
in others no protective value was apparent except for prolongation
of the infection.

Best protection was obtained when immune serum

was given at the time of inoculation.
Singh and Singh (1940) further stated that chronic infections
with~ knowlesi,

~

inui, and .!:!_~~omo~giproduced an effective

innnunity to homologous superinfeotions but failed to prevent or

'-"

alter the course of reinf'ections with a different species.
Mulligan, Sommerville, and Swaminath (1940) after studies on
P. cynomolgi and P, knowlesi in monkeys indicate that the cellular
and humoral agencies in the mechanism of malarial defense are correlated
and so closely interdependent that under the conditions of their
experiments, a full measure of one was relatively ineffective in
the absence of an adequate measure of the other.

The following

conclusions were reached: (1) attempts to modify the course of
infection in norm.al monkeys by administration of immune serum from
homologous infections yielded only partially successful results in
case of P. knowlesi and had no effect on the course of!:.. cynomolgi
infections; (2) course of.?.:__ knowlesi infections in splenect011ized
monkeys was unaffected by homologous inmnme serum; (3) administration
of homologous immune serum was very effective in controlling -

,_,
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P. knowlesi infections in rhesus monkeys in which the lymphoidmacrophage system had been adequately stimulated by previous
infection with!'.:_ ~omolg_i.
These same experimenters in the same year reported that
splenectomy did not impair the natural immunity existing in simian
malaria infections, but that it did interfere with the acquired
immunity.

Spleen extracts were of less value than i.Tf!ID.une serum in

controlling malarial infections in monkeys-- possibly due to the
small amount of extract employed and to the toxic effect of the
extract; spleen extracts gave the best results in rhesus monkeys
in which the lymphoid macrophage system had been previously stim-

ulated by previous infection with

~

~omo!_gi.

In summarizing the present status of passive immunity it seems

'-"

apparent that humoral antibodies of some sort exist in im~une serum;
the fact that they occur in small concentration is evidenced by
the failure of early workers to demonstrate their presence when
small doses of immune serum ·were used and by the success of later
workers when larger amounts were used.

The fact-- that the with-

drawal of very large amounts of such serum (even up to 500 cc),
which must be close to half of the total quantity present in the
circulation of birds does not result in a relapse, or perceptibly
10-,ver the ability of the bird to dispose of large numbers of added
parasites-- suggests either that these substances are very rapidly
regenerated, or that they do not contribute a very important element
in the defense mechanism.

It is probable that rEc: oovery from

malaria is accompanied by a gradually increasing titer of protective
antibodies resulting from a series of relapses (during whioh -parasites
-45-
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may or may not be found. in th0 circulating blood) until
eventually a complete cure is attained.

The occurrence of spon-

taneous relapse is a mechanism of autohyperimmunization which
results in a more efficient hum.oral immune mechanism.

This

antibody probably sensitizes the parasite and renders it more
susceptible to phagocytosis; there is a union between the protective antibody and the parasite because the protective effect
of an ixnmune serum can be removed by absorption vrith an excess of
living parasites.

'-"'
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NATURE AND PRODUCTION OF I.Mlill)NITY IN MALARIA

Such terms as immunity and host resistance, susceptibility
and virulence are useful tools with which to speak; however, a.s
previously indicated they are after all relative factors.

A

host's resistance or immunity depending upon the virulence of the
organism, the infecting dose of the organism, the host-parasite
relationship, and the general health of the host.

In this dis-

cussion natural immunity shall mean that irununity exhibited by a
species or individual which is not dependent upon past infection
or upon past contact with derivatives of the parasite, but is
rather an expression of the fundamental biological incompatability
between a given host and the parasite.

Acquired immunity is the

direct result of infection or some immunizing procedure, whether

.,,_,,

past or present; henoe, this includes immunity to superinfection.
This immunity to superinfection has caused a vast confusion in
the literature because many authorities refuse to accept it as
a type of immunity consequently various names, such as-- tolerance,
infectious immunity, dumb infections, labile infections, and
premunition, have been applied to this condition.

Age immunity

in the strict sense of the word does not result from pa.st or

present infection or contact with derivatives of the parasite~
and is therefore, a

natural resistance not dependent on any

speoific mechanism in the immunological sense.
I.

Natural Inn:nunitz
There are several factors to consider in natural :immunity to

malarial infection; the most important considerations are those
which will be considered under the general headings of racial
-47-
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immunity, host-parasite relationships, and miscellaneous tGpics.
Boyd and Stratman-Thomas (1933) working with malarial infections among paretics state that they have never failed to produce infection in white patients by the application of four infected
mosquitoes, but among six negroes who were bitten for the purpose
of inducing therapeutic malaria at the Florida State Hospital,
three remained uninfected, and the attacks of the other three lasted
only a few days.

In a subsequent experiment two negroes were each

bitten by 16 infected mosquitoes and 12 white controls were bitten
by not more than one.
controls were infected.

The negroes remained free but all of the
In a third experiment, an attempt was made

to infect a negro child 5 years of age, but here again the negro
remained free while the white controls contracted malaria.

'-"

The

workers conclude that the resistance is probably racial rather than
acquired.
Boyd and Stratman-Thomas (1934) state they have shown that
many negroes are refractory to inoculation but they have found
that "adult individuals of the Caucasian race are quite uniformly
susceptible.

Failure to become infected after exposure is due to

deficiencies in the parasite or to premunition."

They exposed

103 white p». tients to mosquito infections; 16 failed to become
infected; however, 12 of the 16 were suooessfully infected upon
a second exposure.
Boyd (1934) reports that negroes are almost insusceptible to
four lical strains of P. vivax: (Florida area) when introduced
by the bite of~ iuadrimaculatus; of 14 inoculated none became

....,,,

ill, and lnly 5 had transient ?arasites in the blood.
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attempt to detennine if this immunity is aoquired or raoi~l,
a negro ohild, five years old and free from malaria, was exposed
to the bites of the infected mosquitoes.

The child remained

In order to cope with this resistance among negro

uninfected.

paretics, infection with!!_ falciparum has been employed in a
few cases in order to make malaria therapy available to negro
patients.

Negroes possess an appreciable resistance to this

species of parasite as well; howeveT, it is far less than the
resistance to benign tertian.
Boyd and Stratman-Thomas (1935) report the case of a white
man who, oame from a place 95 miles from Tallahassee, was
bitten on three occasions by numbers of mosquitoes of proved
inf'ectivity.

The results were always negative; the strain used

was the Mc Coy strain of I!_ viva;, which had its origin in a

'-"'

place within 12 miles of Talahassee.

The patient was then ex-

posed to the bites of mosquitoes infected with the mild Steadman
strain with the result that parasites were found in his blood
17 days later and persisted for 6 days in small numbers; there
were no clinical symptoms and the temperature never reaohed
100°F.

The authors conclude that this demonstrated the natural

oocurrence of homologous tolerance as well as some urotection
against heterologous strains.

Although there were not adequate

controls for this experiment the results were certainly indicative.
Ashford (1936) consulted the opinions of several authorities
in the field of malarial immunity and reaohed the following conclusion with regard to racial immunity:

11

Racial :immunity or

inherited immunity to malaria while relative, definitely exists

_.,,
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as a result of generations of exposure of the indigenous population.

This form of mass immunity is specific for the several

species of malaria last introduced into their native land.

The

native inhabitants of these hyperendemic malarial regions acquire
malaria in infancy in practically 100%, although in adolescence
the parasitic rate may fall below 40%, and in maturity even
lower.

It appears because of the racial innnunity, malaria has

a relatively low mortality 0lllong the infant population and an
exceedingly low mortality and relatively low morbidity among the
native adults.
Culbertson in his book Medical Parasitolo~ (1942) in
speaking of racial immunity states: "Negroes are relatively
resistant at least to the symptoms of infection with Plasmodium

,.._,.

vivax a.nd .!:.!_ ova.le and suffer comparatively little from infection
with.!::._ falciparum.

They have about the same susceptibility as

white persons to the effects of P. mala~~ae.

White persons, in

contrast, are almost invariably susceptible to all the malarial
parasites and generally suffer more severe symptoms or even death.
Children, particularly, experience severe disease, are most likely
to succumb, and, after apparent cure, are most prone to relapse.
Adult persons often overcome their infections without specific
treatment."
The fact that there is a preponderance of P. falciparum in
Africa at the present time lends credence to the hypothesis of
the close association of P. vivax and the negro race.
It should be definitely pointed out, however, that not all
workers agree with the findings of Boyd and Stratman-Thomas- in
particular; they base their contentions upon the fact that

'-"

these workers were working with syphilitics who had received
arsenical treatment, either condition could have an effect uoon

......,,

the infection.
their

01.m

For example, Yfilson and Wilson (1937) analyzed

and others findings and concluded that the racial

difference in spleen and parasite rates me.y be explained in
terms of immunity and hypersensitivity and that immune status
is not dependent upon race, but upon the frequency of infection.
Passing now to a consideration of the host-para.site relationship, it is quite generally understood that there are only
four species of Plasmodia pathogenic to man-- ova.le, malariae,
fa.lciparum., and viva.x.

In so far as the author has been able

to find out the only other strain known to have infested man is
Plasmodium knowlesi which is normally a fatal invader of
monkeys.

The fact that man is not infested with the many other

species of Plasmodia is certainly indisputable evidence of a
natural im:munity to these species.

'-"

The host-parasite relationship or specificity has been
best worked out with regard to avian malaria.
rigid host-species imr.l.unity occurs.

Both loose and

P. relictum and P.

cathemerium. have been found in nature in many species of wild
birds, and they are always readily inoculable to canaries.
Wolfson (1938) has successfully infected ducks with these
species; however, the infection produced is not so severe as
in canaries.

On the other hand, P. vaughani and P. £Ola.re

-

-

seem to exhibit a rigid host-parasite specificity, having been
found so far only in robins and cliff swallows respectively.
Various intermediate degrees of host-parasite specificity exist;
for example,

!!. J£allinaceum

ca.n be inoculated successfully to

geese, but not to canaries or ducks (Brumpt, 1936)
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In conclusion
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we may sey that the immune mechanisms of each type of host in
repelling certain types of parasites and not others are not well
understood in any type of parasitism; hence, we must look to the
future for the answer to such questions.
Many other fa.otors probably play a role in natural immunity;.·
some of them may be truly innnune reactions, others are probably
not; for example Boyd, Kitchen and Muench (1936) report that
inoculations made with P. vivax during January, February., and
March result in a lower proportion of takes., it would also appear that successful inoculations present longer incubation
periods, have shorter clinical courses., and, if renewed clinical
activity is experienced, are likely to be conf'ined to a period
of 8 weeks following cessation of the primary attack.

'-"

Inocula-

tions in the other quarters of the year present a marked contrast
in all of the aforementioned characteristics.
I I.

Age Immunity

As concerns malarial immunity, remenbering our previous
definition., this factor can be dismissed with a word., as there
are apparently no proven cases of age immunity.

The immunity of

adults in endemic areas depending upon previous inoculations of
the parasites.
III.

Acquired Immunity
The tremendous importance mf immunity to malaria has led

to a very large bibliography on this general subject; however.,
hypotheses, speculations, suggestions, and much bickering make
up the major pa.rt of the reports; hence., we shall try to confine
-52-
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our discussion to the pertinent advances within this parti~ular
portion of the field.

Purely for ease of presentation, this

portion of the paper will be subdivided into four sections;
namely, superinfection, reciprocal or cross immunity, relapse,
and vaccination.
A.

Su£erinfection-First it is perhaps fitting that we consider the conclusions

drawn from clinical observations drawn from rates of incidence of
infection in endemic and hyperendemic areas; second we shall
consider the exper:imental work in the field of superinfection to
malaria.
Laveran (1908) stated that a first attack of malaria did
not produce jmmunity, and sometimes an individual became more

'-"

susceptible following the primary attack.
Bass (1919) concluded that no lasting and effective immunity
to malaria was developed.

Some 50% of the population in certain

parts of Mississippi having malaria each year; about one-half of
these being relapses and the other half reinfections.

Adults

seemingly had a high rate of infection, but not as high as the
children.

The criterion was based upon a ~ailure to find para-

sites in the blood.
Daniels (1901) and Gill (1914) correlated spleen rate with
immunity.

Gill concluded that constant spleen rate over an

extended period was significant of a definite immunity.

A low

spleen rate is considered indicative of a high susceptibility.
In hyperendemio areas where a constant infection rate is maintained
-53-
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the resistance appears to be kept at a high degree and no
epidemics occur.
York and Macfie (1924) were the first to point out the
fact that on recovery from an infection with P. vivax the
patient showed a considerable degree of resistance to reinoculation with the same strain of parasite.

This fact has been

further demonstrated by Antic (1925), James (1926), Phlen (1926),
Cuica, Ballif and Chelarescu-Vieru (1928) and Boyd and StratmanThomas (1933).

Many of these workers also observed that there

was some resistance to infections with other strains of the same
species of parasite, but none to other species.
Sergent, Et. and Ed.; Parrot; and Donatien (1933) state the
npremunition 11 is contemporaneous ·with the latent infection and

'-"'

a 11 resistance to the parasite ceases -when the infection is cured;
hence, according to them no immunity occurs.

As mentioned in the

introduction to this section of the paper, this is here considered
as an example of active immunity.

In 1934 Cuica, Ballif, and Chelarescu-Vieru found that only
34% of some 1198 patients at Socola, Rumania were resistant to
P. vivax a.i'ter the first infection.

After the second infection

the immunes rose to 721 and following the third the immunes rose
to

8~t.

The remaining 13% of susceptibles developed a solid immunity

after the fourth infection and all were resistant to the fifth
inoculation.

A

-----

similar exoeriment was carried out with P. malariae
.,_

on 322 patients; of these 35% resisted the second inoculation; 81%
resisted the sixth inoculation; and all were resistant following
the sixth inoculation.

With ~ faloipai-Ul!l some 3% of 544 persons
-i)4-

~

:i

~

were still susceptible after the tenth inoculation.
Kligler and Mer (1933) concluded that children acquire
very little immunity to malaria until they are over six years
of age and thus in a hyperendemic area children constitute the
greatest reservoir of parasites.

They felt that children did

not develop innn.une bodies readily.

These authors carried out

continuous observations over a period of two to three years on
95 children living in the hyperendemic area of Huleh, in Palestine.
They discovered that the percentage of children in.fected did not
decline until the sixth year of life, though the intensity of
in.fectionwas less after the fourth year of age.

Children ap-

parently relapse more quickly ai'ter treatment and give a higher
reinfection rate than do adults.

._.,

Thomson (1934) reporting on malaria in Nyasaland found that
the parasite rate in children as determined by an examination
of the peripheral blood of native children (under 10 years)
ranged from 43-57% on single random sampling; however, when
103 children were e:x:smined in a similar manner each month of the
year 96% were found to be infected at some time or other.
Grouping of the infections by age shows that the incidence of
p. viva..x infection drops as age advances and shows a more rapid

- ----

-

__

__

fall than either P. malariae or P. falciparum.
.......,

In a sirnile~

manner gametocytes are most numerous in the blood of children
about 2-3 years of age, and as age advances gametocyte carriers
become less numerous; the gametocytes of!:!_ vivax show the
most rapid drop as age advances and are followed by those of
P. malariae and P. falciparum.
-

~

.
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Note I

Chart illustrates in general.

the incidence of the various

types of human malaria in infants and c~rrelates these findings
with the gametocyte rates over comparable periods .

'--'

In 1935 Garnham found the population of certain e~demic
centers immune to subtertia.n and quartan malaria, but very susceptible to !:.!_'!_iyax, which was not endemic to the area.
Ashford (1936) states that immunity to malaria insomuch
as it relates to non-indigenous residents of a malarial region
is individual; must be acquired by having the disease; is
relative; is specific, not only for the species of the malarial
parasite, but even to a certain extent for the strain of the
species.

This individually acquired immunity which is born of

the disease itself will attain maturity more certainly and more
quickly when the disease is permitted to run its course within
the individual without interference with the production of
immunity resulting from the administration of antimalarial drugs •

'-'

On

the other hand Lourie (1934) reporting on work on canaries

states that early treatment with large doses of quinine does
not interfere with the development of immunity; this may of
course not hold true in the case of human immunity.
Boyd and Kitchen (1936) showed that recovered patients
may experience no clinical reaction to an inooulum. of 180 million
parasites of the homologous vivax strain, although with such
large numbers there may be produced what appears to be a
subclinice.l infection.

A very effective homologous tolerance

may persist for several years, even in the apparent absence of
a latent infection.
Boyd~ Stratman-Thomas, and Kitohen (1936) presented data
indicating that an acquired homologous immunity to a strain of
-57-
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vivax of sufficient strength to prevent a clinical attack

may endure at least three years in the apparent absence of a
latent ini'ection.
Sinton (1940) reports that 48% of!!_ ovale infections produced :immunity to a second infection; after the third infection
41% were still susceptible (during the third infection only 40%

of those susceptible developed fever and the attacks lasted on
an average less than one day.)

In a study of endemic malaria in the Kwan.go district of the
Belgian Congo, Duren (1940) reports upon the results obtained
from blood examinations of 752 inhabitants of four villages on a
plateau 900-1000 meters high, between the rivers ~;amba and Inzia,
and between latitudes

'-'

6

and

1°s.

He found that very few of the

native children of the region showed obvious signs of chronic malaria;
however, malaria parasites were found in :33 .6% of the bloods.
in the first year of life only 6.25% of i~fants harbored parasites; thereafter, the parasite index increased, attaining a
maximum

of 45.% in the age group of 11 to 20 years.

No parasites

were found in the blood of the eight persons examined who were
over 50 years of age.

Hill, Cambournao, and Simoes (1943) collected data by weekly
examinations of 22 children for a period of 2 years and supplemented
the data with dispensary examinations.

From these studies they

~~re able to draw the following conclusions:

In the endemie

area studied, children a.re infected vd th one or more species of
malaria early in life, and a.re reinfected at intervals thereafter;
these recurring ini'ections develop an immunity which resalts
-58-
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first in a tolerance and then in eradication of the existing
infection; however, the rate of development of immunity and the
amount of immunity varies in individual oases, so that no
general rule can be established.

As the children grow older

this tolerance is such that they suffer no apparent inconvenience
from the in£eotion, although parasites are frequently found and
may persist for relatively long periods with a low parasite
count and an increase in the volume of the spleen.

When a

reinfection does occur, the body defenses are quickly mobilized;
the spleen may enlarge rapidly, and the number of parasites is
not so high as in the primary infection.

Although these para-

sites may persist for several weeks, after the initial attack
they cause little inconvenience.

'-"

The balance in tolerated

infections, between host and parasite, is evidently a rather
delicate one, since occasional parasites were frequently found;
parasites of both species appeared throughout the year, which
is another indication of the unstable equilibrium; however,
especially in older children, the number of parasites was small,
and usually the number of gametocytes was too small to produce
infection in anophelines.
Passing now to a consideration of the experimental work
in superinfection, we will find that the vast majority of the work
has been carried out with avian malaria and in general with the
exception of Koch (1899) e.nd Ruge (1901) the work is in agreement
in indicating that an acute attack develops into a latent infection

of long duration which confers an immunity to superinfection, but
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that oomplete disappearance of the parasites allows reinfection.
Koch and Ruge believed that bird malaria was a self-limiting
infection, with rapid and complete recovery followed by lllnlunity
to superinfection.
)1asielewski (1901) is usually given credit for being the

first to show that malaria in birds runs a chronic course, and
that parasites can be demonstrated in the blood for long periods
of time.

In 1889

Da.nilewski, however, remarked that he kept

infected wild birds in his laboratory for weeks and even months
while following the development of the parasites.
Moldovan (1912) showed that canaries, after passing through
an acute attack of Plasmodium £raecoxwere immune to a new infection, whereas upon complete recovery they became reinfected.

'-"

This condition has become known as immunity to superinfection
and was supported by the work of Ed Sergent and Beguet (1914),
Et. Sergent and Hempl (1917), Kikuth and Tropp (1917), Whitmore
(1918), Mazza (1924), W.H. and L.G. Talia.ferro (1929), Lotze
(1930), Ma.nwell (1934) and numerous other ·workers.
One of the critical studies on Immunity to superinfeotion
was carried out in 1929 by the Talia.ferros on avian malaria;
they conclude as follo~~:
(1)

Imm.unity to superinfection in bird malaria is evidenced

by the fact that when large numbers of washed parasitized blood
cells are introduced into the blood stream of a bird during the
latent infection, the parasites are quickly removed, whereas
in normal birds they not only live, but increase rapidly in numbers.
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(2)

A quantitative study of the degree of immunity to superin-

fection -- that is, the number of parasites that e.re removed,
and the rate of removal by the bird during the latent infection
indicates:
a.

~ben the number of parasites injected into latent birds

is approximately from 1-100 per 10,000 RBC, the parasites are
removed from the peripheral blood within 24 hours.

b.

Ii' the number of parasites is increased to from 100-400

per 10,000 RBC, they are removed within from 48-76 hours.
c.

The degree of immunity to superinfection may be less

at the beginning of the latent inf'ection than later.
(3)

Removal of the parasites of birds during the latent infection

takes place at all stages of the asexual cycle.

'-"

It cannot be

considered a phagocytosis of only the merozoites which are free
in the serum.
(4)

A high degree of immunity to superinfection was found as

long as 656 days after the prLTllary inoculation of infected organisms.
After the previous brilliant piece of research, the Taliaferros also reported in 1929 the absence of protective antibodies
in im.'1lunity to superinfection in avian malaria.

As is pointed

out in the section on passive immunity; ~his finding has been
counterbalanced by the experiments of other workers and later
also by the Taliaferros t:-iemselves.
Mulligan and Sinton (1933) describe the results of experiments to detennine if superinfections with a number of strains
of P. knowlesi would render monkeys immune to all strains.
found that a chronic or latent infection with one strain of
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P. knowlesi protected the monkey against further inoculations
of the same strain; these were sometimes followed by an increase
in

the number of parasites, but never by clinical symptoms.

Inoculation with one strain did not protect against another,
unless it happened tha.t it shared some antigenic component.
Repeated inoculation with several strains did not insure immunity
to all strains.
Taliaferro and Taliaferro (1934) report that monkeys with a
latent infection of~ brasilianum proved Lmmune to inoculations
with the same strain and also to inoculations with the other
strains tested.

This immunity was effective as soon as the

initial infection abated and lasted for at least l year, which
was the duration of the experiment.

'w'

Ciuca, Ballif, and Chelarescu-Vieru (1934) found that
mos qui toes infected with benign tertian malaria gave positive
results in 70;fo of cases, when employed for the therapeutic
inoculation of paralytic patients at Socola, R\lltlania.

The

injections of virulent blood gave positive results in only 50%.
No difference in virulence was found between a strain of benign
tertian which had undergone 102 direct passages by blood inoculation from man to man, before mosquitoes were infected with it,
and a second strain which had never been passed direct.

Patients

vvho had been rendered immune to benign or subtertian malaria by
the repeated inoculation of virulent blood were also immune to
the same strain if it was inoculated by mosquito bites.

In 1934 Ed and Et Sergent and Catanei discuss the whole
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question of immunity in bird malaria, which they regard as a
definite premunition.

A canary inoculated viith one species of

bird malaria parasite has an a.cute attack from which it may recover; if it does so the infection becomes a chronic one in
which a balance is struck between the host and the parasite.
The parasites in the bird are so few in number that their presence
can only be detected by the inoculation of large quantities of
blood into susceptible birds; this chronic infection in birds
has been found to persist for from 1 to 5 years during which
period the bird cannot be reinfected with the same strain of
parasite.

Directly the bird loses its infection completely

there is no longer any innnunity, the bird being susceptible to
inoculation as it was originally.

'-"

These authors as mentioned

previously have never observed a case of a ca.nary naturally
resistant to a first in.faction, while they have found that the
serum taken from a bird during its premunition stage cannot
confer immunity on another bird (see section on Passive Immunity).

These workers make the bold assertion that it is not

possible to produce an im_munity by the inoculation of killed
parasites, for birds are never immune unless living parasites
are present in the body-- the only type of vaccination obtainable is one in which the initial acute attack is avoided, the
bird after inoculation passing directly into the condition of
premunition; this may occur naturally or can be brought about
by the use of certain drugs which are capable of preventing
the acute attack or by the inoculation of altered parasites,
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such as old sporozoites from the salivary r,lands of mosquitoes or
those parasites ·which occur in the blood of a bird so:Dll after
inoculation and beforeparasites are actually detectable by microscopic examination in its blood.
Boyd, Stratman-Thomas, and Kitchen (1936) attempt to aEcertain
whether recovery from infections with.£..=_ falciparum results in the
acquirement of an analogous immunity.

The experimental subjects

were all negroes for whom malarial therapy had been recommended
as an adjunct to their treatment for paresis.

They conclude that

reinoculation of a patient who has recovered from a!.!. falciparum
attack with the same strain of the parasite will not result in a
second clinical attack; a slight increase in the number of parasites
in the peripheral circulation may follow the reinoculation after

.._.,

an appropriate incubation period.

This homologous :im.~unity exists

in the presence of a latent infection and continues as long as
four months after the infection appears to be eradicated.

Reinocula-

tion with a strain of the parasite different from that which
ca.used the primary attack will result in a second clinical attack
which may be as severe as the first; it would appear that the
heterologous immunity to!.!. falciparum does not have much value.
In 1936 the same authors conclude that the development of a
highly effective homologous immunity to a strain of!.!_ vivax
following recovery from a naturally induced infection is now a
widely recognized fact; hence, they proceed to attack the problem
of whether or not such an immune can withstand massive doses of
the homologous strain of parasites.

They make the following per-

tinent conclusions: (1) Recent convalescents from an acut&
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attack do not show any clinical reaction following the intravenous administration of doses of the homologous strain ranr,ing
from 19 to 180 millions of parasitew, (2) In some instances the
introduction of a large number of homologous parasites into a
convalescent person produces what appears to be a subclinical
infection which quickly subsides, (3) A very effective homologous
tolerance may persist for several years, even in the apparent
absence of a latent infection, (4) If the inoculation is made
with a large number of parasites, the susceptible patient may
experience a clinical reaction attributable to the sporulation of
the parasites contributed by the donor.
incubation perios.

There is no clinical

Under these circumstances, the recipient

experiences a passive attack of malaria, and (5) The mechanism of
the im,.·mmity acquired to

'-'

~

vivax may deal very effectively with

large numbers of parasites of the homologous strain when suddenly
introduced.
Boyd, Stratman-Thomas, and Kitchen (1936) in discussing the
treatment of paresis with.!:..!_ vj.v~ states:

11

0ur further experience

convinces us of the very real potency of homologous immunity,
which becomes a problem when a second course of malarial therapy
is desired.

It is not broken down by intensive antimalarial therapy

and appears to exist for several years regardless of the presence
or absence of demonstrable parasites in the peripheral circulation.
Recourse must be had either to another strain of vivax or to a
different species of pa.rasi te.

.uomologous immunity is likev-rise

an obstacle to reinoculation with P. falciparum."
Coggeshall and Kumm (1938) state that a fundamental point
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in the study of immunity in malaria is the response of an animal
with a chronic infection to suT?erinfection.

In the literature

in this field are numerous reports nich show that the superinfection of any animal with a chronic malarial infection by the
injection of the homologous parasites results in a very rapid
remove.l of the organisms from the blood stream.

Information

regarding the humeral immunity response to the injection of
massive doses of homologous parasites it totally la.eking.

However,

with numerous other infectious diseases it has been shwon tha.t the
a.ntibldy titer of en animal can be elevated by hyperimmunisation.
These workers found indications that the r:•rotective properties of
immune serum of monkeys with chronic infections could either be
increased or decrease:'1 by superinfection.
~

These negative results

were unexpected; the only explanation sugr,ested was that repeated
flooding of the animals with parasites a.mJe.rently had exhausted
most of the specific antibodies.
Boyd, Kupper, and Mathews (1938) in discussing immunity to
homologous strains of infection feel that they can classify patients
into four groups:
(1)

Co~pletely inmnme -- entirely refractory to inoculation;

tolerant, with para.siticidal characteristics exhibited in the
highest degree.
( 2)

Partially immune -- successfully inoculated, ·without a clinical

attack; perfectly tolerant, but not imperfect as to parasiticidal
ability.
(3)

Partially susceptible -- successfully inoculated, with a short

clinical attack, usually not exceeding one week in duration an1i
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probably never over three weeks.
(4)

Completely susceptible -- successfully inoculated, with a

clinici,.l attack exceeding three weeks in duration.
In their experimental f'indings they conclude that it appears that
the homologous inmnmity to either of' two strains of' P. vivax
which follows simultaneous inoculation with the two strains is
not so effective as that acquired after inoculation by a single
strain.

The immunity is then characterized by the heterologous

rather than the homologous prooerties.
Taliaferro and Taliaferro (1940) experimenting upon the active
and uassive immunity to P. lophurae in chickens find that infections

------

~

begun

v,i th

large numbers of P. lophurae in young chickens are char-

acterized by an acute rise in m;"'lb'3rs of' parasites, which is
te:nninated by a sharp crisis ana follo~~a within a few days by

'-"

latency.
4

Ordinarily parasites can be demonstrated for at least

months (the longest period tested) by the subinoculation of

large quantities of blood into normal chickens.

During latency

there is a marked immunity to superinfections as evidenced by
the fact that when large numbers of parasites are introduced
they are removed within 2-4 days.
Boyd and Kitchen (1943) report on attempts to hyperimmunize
oonvalesoents f'rom vivax malaria stating that in view of the
circumstances that recovery from an induced malaria infection is
attributable to the acquirement of a very potent irmnuni ty to the
strain of parasite ,ihich induced the attack, it appeared desirable
to ascertain whether the level of the immunity might be still

.._..,

further raised by a series of reinoculations with large doses of
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the same strain of iiving parasites.

~arly efforts in this dir-

ection demonstrated the undesirability of initiating the reinoculations while the primary parasitemia re~.ained at microscopic levels,
and the need for spacing the reinoculations sufficiently far apart

so that they would be separated by a.n interval greater than the
likely prepatent period.

fihen these conditions are observed the

early reinoculations may be followed, after the lapse of a prepatent period, by the return of a subclinical parasitemia which
is probably a superinfection.

A

point is soon reached when

the only para.sites encountered will be those noted on the day of,
and following reinoculations which represent demonstrable parasitemia.
Yihen this point is reached the individual receiving the reinoculations
may be re.garded as hyperimmune.

'-"

This fully hyperi:mmune individual

is able to withstand doses of parasites many million times greater
than the minimal infecting dose without exhibiting wither any
clinical reaction or a subclinical parasitemia..

~f this potent

imm.unity is ascribable in any degree to circulating antibodies i~
should be capable of passive transfer from a hyperimmune to a
susceptible person, through the transfusion of a large volume of
blood.

We have not been able to demonstrate that the blood of

hyperinunune patients, transfused in 500 cubic centimeter quantities,
has an effect to prevent an infection, or modify the course of a
developed infection, i1 susceptible persons, or in the latter case
exerted any more effect than a similar qua..ntity of blood from a
person without previous malarial experience.
Since we have evidence that the presence of infection (subclinical)

.,__,

is the most important factor in superinfection irnmuni ty,
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it would perhaps be well to mention a.t least something about the duration of such infections.

Here again most of the sig-

nifica.nt work has been carried out in studies of avian malaria.

Et. Sergent and iiempl (1917) found that 4 out of 5 birds
which had been infected for at lea.st 2½ yea.rs v,ere still infected

upon examination.
ation in birds.

•·hi tmore (1918) reports cases of similar durma.zza. (1923) found one bird to be infected 4

yea.rs after the initial infection.

The Sergents and Catanei

(1928) demonstrated P. rouxi in birds inoculated 3 yea.rs and 8
months before.

Manwell (1929., 1934) showed that para.sites persist

in the body of the host in some instances for as long a.s 3 years.
Bishop., Tate., and Thorpe (1936) record the presence of P. relictum
in a bird 8 years and 3 mGnths after the original infection.

._,.

Milam and Coggeshall (1938) report upon the duration of
Plasmodium knowlesi infections in men.

-'• study was made in 30

white and 12 negro parients with general paresis., infected for
therapeutic purposes.

After inoculation the appearance of parasites

and the length of time they persisted in the peripheral blood stream
was noted by microscopical examination of blood smears.

After

the disappearance of parasites from the blood straam as determined
by this method, the infectivity of ea.ch i:atient•s blood v,as tested
in the highly susceptible rhesus monkey.

l-hen the blood was found

to be noninfectious for monkeys., 18 whites and 7 negro patients
were reinoculated with the homologous parasites as a test of their
immunity.

From this study several observations were ma.de, they are

as follows:
(l)
~

In the 30 white patients parasites were first seen in blood
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smears as early as the third day and as late as the ei~htee11th
day following inoculation and persisted from three to fourteen
days.

blood first proved to be noninfectious for rhesus monkeys

as early as the eighteenth and as late as the one hundredth and
thirty first day after the original inoculation.

··fter their

blood was no longer infectious for monkeys 18 patients were
reinoculated on 23 occasions, with time intervals of from 30 to

491 days following the original inoculation, and all were found
to be immune •
(2)

Negro patients were less susceptible to!'..!_ lmowlesi infections

than white persons; the incubation -oeriod was longer ( 7 to 27 days)
and the duration of microscopically visable parasites ran~ed from
two to eleven days.

Their blood was infectious for monkeys as

late as the thirtysixth day a.:rter inoculation.

Seven patients whose

'wl

blood was noninfectious eor monkeys were reinoculated at intervals
of from twentyeight to one hundred and seven days after the initial
inoculation, and all were immune.
Boyd, Stratman-Thomas and Kitchen (1936) state that an
acquired i~munity to a strain of P. vivax of sufficient strength to
prevent a clinical attack may endure at least 3 years.

In so

far as subinoculations with massive doses of' blood may be depended
upon to reveal the existence of a latent infection, it would appear
that this i.Tfllnunity persists for the maximum period observed in the
apJarent absence of a latent infection.
From this review of the pertinent experimental and clinical
observations, we feel that it is evident that an acquired immunity
becones operative through the latent ini'ection which destroys the
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parasites after they are formed; that it a~ises as a result o:f
infection and is not possessed by normal animals before infection.
At the present time faere is no way of deciding whether the deat h
of the parasites during the acute infection and during the crisis
and thereafter are qualitatively different or whether the two are
due to the same mechanism.

~t may be that the more efficient

parasiticidal mechanism during the latent infection represents
an acquired mechanism defferent from and superimposed on the one
operating during the acute infection, or it ::nay simply be an enhancement of a prexistant and already function~ng mechanism present in
normal birds.

The implication is, however, that one remains at

least partially susceptible until he has experienced attacks and
recovered from all the strains within the area of infection.

'-"

B.

Reciprocal~ Cross Immunity

The factors governing cross immunity are probably the same
as those which bring about immunity to superinfection, although
exactly what all of these factors are still remains a problem
of speculation.

lhere are, however, two closely related types of

study; one is called reciprocal spe_c~~ imrnunitj, in which different
species are inoculated one against the other, and reciprocal
strain immunitJ, involving defferent strains of the same species.
Hartman (1927), Kikuth (1931), Sergents and Catanei (1931),
Gingrich (1932), Manwell (1934,1936, 1938), Manwell and Goldstein
(1938, 1939), \lolfson (1938) and .t¼d.rnond (1939) have all made
cross-i.rci.munity studies in avian malaria and in general they agree
upon the following facts:

(1) All of the work so far e.f1:rees that

certain spacies of bird malaria confer a certain degree of immunity
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to reinfection with some species and not with others (a latent
infection with P. cathemerium will confer partial cross imrr1unity
to~ relictum and~ rouxi, and no cross immunity tot=.. elongatum-Gingrich, 1932) (Infection with!:_ elongatum does not protect against
any other species, nor do any of them confer immunity to P.

- ----- -

elonga.tum--Manwell, 1938) (Infection with P. hexamerium, P. vaughani,
.....
----

~

~--~--

-

-

--

rouxi, and!:! nucleophiltm1 confers irrk~unity or rather protection

against any of the other three, but the d•gree of reciprocal
immunity is usually not strong-- Manwell, 1938) (Different strains
of

~

circumflexum exhibit strong mutual j)rotection., although it

is less than that derived from homologous reinf!ection-- Ma.nwell
and Goldstein, 1939)

(2)

Redmond (1939) reports that the virulence of different strains

of P. relictum and P. cathemerium is correlated with the im..'TI.une

'-'

reactions of the same strains, the most virulent strains producinf
the greatest degree of protection against su~erinfection with other
strains.
In a study of cross-immunity to the human types of infection,
we ,nust definitely consider tne experimental findings of the
folloviing rwrkers.
Boyd and ::,tra.tman-Tho::nas (1933) state that premunition is not
heterologous.

They s tudied two patients 1Nho had been i':'lfected

with the l',icCoy strain of benign tertian, and who had recovered
spontaneously from the fever but still had parasites in their
blood; these patients were bitten by mosquitoes infected with
the Hughes strain of P. vivax.

On the sixteenth day, in each case,

the number of parasites began to rise and on the following clay
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an attaok of malaria began.

"Even when appreciable numbers of

K!_ vivax are present in the peripheral blood 1 a patient with a
latent benign tertian malarial infection does not possess a heterologous tolerance to other strains of this parasite."
Kortweg (1933) studied the effects of induced malaria with
two strains of P. vivax.

Infections caused by a Dutch strain

differed from infections caused by a Mada~ascar strain in the
duration of incubation, type of fever, immunity reactions, response

to salvaraan and number of merozoites.

Kortweg found that patients

immune to the Dutch strain were not immune to the Madagascar strain.
Boyd, Stratman-Thomas 1 and Muench (1934) state that an attack
of malaria establishes some degree of toleranoe to infections
with heterologous strains.

This tolerance is not sufficiently-

great to deal with a heterologous strain as efficiently as it

'-'

can with the homologous strain, but it is capable nevertheless
of diminishing the severity of the heterologous illness.

The

above conclusions were reached following observations made on
two groups of p•rsons submitted to therapeutic inoculation with
malaria.

The first group contained people who had previously

suffered from malaria.

The second group contained people who

had not previously suffered from malaria.

In the first group

the incubation period was longer, the fever was lower, and the
loss of hemoglobin was less.

The same held good in a small

group inoculated first with one strain, and then with another
after they had recovered from the effects of the first.
Boyd, Stratman-Thomas, and Kitchen (1936) in studying immunity
to P. falciparum found that patients recovered from an infection
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'-'

with this parasite are refractory to reinoculation with the
same strain insofar as clinical manifestations are concerned.
Reinoculation of such an individual with a different strain may
result in a more severe attack, even, than on the first occasion.
There is therefore less indication that P. faloi~arum provides
heterologous immunity than is the case with P. vivu.
C.

Relap_se --

James has described the phenomenon of relapse in human
malaria as "a return of the fever and parasites, after the

former

has ceased and the latter have disappeared from the peripheral
blood, reinfection being excluded.''

As in hi.nn.ans this phenomenon

has its counterpart in birds, and in fact is quite characteristic
of certain species and strains of avian plasmodia.

....,.

Factors

whio,'1 are responsible for relapse definitely enter into the host
defense mechanism and for this reason, this mechanism is properly
included in a discussion of innnunity.
Danilewsky (1889) and Wasielewski (1901) noted recurreµt
increases in the number of parasites in the blood of some of
their infested birds.
Moldavan (1912) made direct efforts to produce relapse
experimentally by injecting parasitized and un?arasitized blood
from rice birds into his experimental hosts.

Some relapses

occurred even though non-parasitized blood was used to cause the
relapse.
Whitmore (1918) reached the conclusion that relapse may
follow as a result of a lowered resistance to intercurrent infection or to the injection of foreign blood.
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In 1922 Whitmore
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was able to produce relapses carrying latent inf'ections of P.
relictum by exposing them to 2 hours of unfiltered light of a
quartz mercury vapor lamp at a distance of 24 inches.
In 1923 Ben-Harel observed that some birds relapsed at
varying intervals in spite of the fact that the surrounding conditions had not changed in any way.

Studies of bone marrow and

spleen caused her to believe that these organs remained as sites
of infection long after the parasites had disappeared from the
peripheral blood stream.

Further any influence that might cause

a decrease in the usual destructive mechanism operative in keeping the parasites down to a low level during the latent period
could therefore result in an increase in the number of parasites
present and hence a relapse.

._,,

Manwell (1929) made extensive observations involving 332
infestations of~ elongatum.,

~

cathemerium, and~ relictum.

All exhibited relapses and weather seemed to be a factor.

Dif-

ference in relapse rate also occurred from species to species;
relapses occurred most frequently immediately a.f'ter primary
infection; treatment with quinine a.nd plasmochin did not seem
to exert any influence on the frequency of relapse.
Et. Sergent (1934) reported that relapses occur most
frequently when the barometric pressure is low.
'l'he forementioned workers have r:iven many factors which
will affect the rate of relapse; however 1 at the present tL'lle
the mechanism of bringing about the decreased resistance of the
host is not known, therefore, further elaboration of this phase
of the subject must wait additional experimentation.
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D.

Vaocination

Throughout this disoussion the predominant mass of evidence
seems to promulgate the conception that the mechanism of immunity
in malaria seems to be dependent upon the presence of living
organisms within the body of the host, and that protection is
lost when complete natural recovery occurs..

Immediately the

vitally important question is raised as to whether killed or
attenuated plasmodial protoplasm or its products will elicit the
production of antibodies when inoculated into nonimm.une susceptible hosts.
The Sergents and Catanei have made several attempts to
ansvrer this question with varying results.

In 1921 Et. e.nd Ed.

Sergent carried out the following procedures; (1) modifying the
site of inoculation, (2) injecting serum of animals which had

'-"'

received doses of~ reliotum but which were naturally immune
to this parasite (pigeions, guinea pigs, etc.), (3) modifying
the infective blood used for inoculation \low temperature, or
treatment with chemicals), (4) modifying sporozoites in a similar
manner before injection, (5) injectin~ parasites not yet mature.
In a subsequent paper the Sargents and Catanei (1923) report
successful vaccination by using varying doses of sporozoites;
small doses produced light infections with resulting immunity
to superin.fection in most cases; however, this is hardly vaccination in the true sense of the word.

In 1934 the same authors

found that blood heavily parasitized with P. relictum when
mixed with citrate solution and glycerin and kept at room temperature for 4 days, did not produce infection, but on the other hand
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it did not innnunize the susceptible birds against subsequent
inoculation with viable parasites.
Redmond (1939) felt that he gained successful vaccinations
by attenuating parasites at -3 to -4°C. for 73-96 hours and using
this material as the vaccine.

Intravenous injections were given

every other day for eight or more injections; viable parasites
were then inoculated into the test birds and controls,

The

controls developed a typical inf'ection; seven of the test birds
were completely immune and three of the birds were partially
innnune.

Countering the results of this experiment, we must

consider that freezing and sub-freezing temperatures do little
more than inhibit the gro¼~h of malarial parasites; hence, very
probably we are not dealing with true vaccination but with another

'-"

example of immunity to superinfection.
Eaton and Coggeshall (1939) carried out experiments to
determine whether or not the protective, agglutinating, end complement-fixing antibodies found in the blood of monkeys with chronic
Plasmodium knowlesi infection were also produced in the nonsusceptible rabbit by injection of living or killed malarial
parasites.

They summarize as follows: "Specific complement-

fixing antibodies are produced in the serum of rabbits in response
to injections of living or dead Plasmodium knowlesi.

Sera from

rabbits receiving injections of either parasitized or normal
monkey erythrocytes are parasitioidal in vitro for!!. knowlesi~
because absorption of parasiticide.l rabbit sera with normal
monkey erythrocytes abolishes the parasiticidal effect, it is
concluded that the effect is largely due to an antibody to the
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red cells.

Normal rabbit serum is not parasiticidal.

Eaton and Coggsehall (1939) in attempts to immunize monkeys
to P. knowlesi fotmd that complement-fixing antibodies but no
agglutinins and no immunity to i.n:feotion resulted from immunization with parasites killed by fromalin., heat., desiccation and
freezing and thawing.

Following immunization v:ith parasites

killed with immune rabbit serum they found neither antibodies
nor immunity.
Gingrich (1941) in studies of immunization of birds to
Plasmodium cathemerium found that a considerable degree of
immunity., demonstrated by the low grade infections and early
recovery from the acute phase following the intravenous inoculation of large numbers of parasites., was produced in all birds

'-'

immunized ~ith 12 injections of l cubic centimeter of formalin
or heat killed parasites.

That this inununity is not so great

as that which is coDf'erred by infection is illustrated by the
fact that some increase in the number of parasites occurred
during the first few days of infection in the immunized birds
whereas the number of para.sites decreased in the superinfected
birds during this time to a point where they were no longer
observed in blood films.

To account for the positive results

in this work in relation to the negative results of Coggeshall
and Ea.ton (1939) one must consider (11 the lower pathogenioity
of the parasite used here for canaries as compared with the.t of

!.!. kno-wles_!_

for monkeys, ( 2) the minimal treatment with formalin

a.nd heat for killing the parasites ilnm.ediately before use., and
(3) the far greater intensity of immunization in respect to both
-78~
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the number of killed parasites injected and the shorter period
of immunization.

Russell and Mohan (1942) made attempts to

immunize fowls against~ gallinaceum by repeated injections of
inactivated sporozoites or of serum from normal sheep or
chronically infected fowls.

They concluded that when fowls are

immunized by repeated injections of both vaccine (emulsion of
dried thora.ces of infected mosquitos) and serum, a higher degree
of immunity was attained as proved by the lowering of the death
rate from 55.4% in the controls to 7.3% in the treated fowls.
It has been shovm that the injection of normal sheep serum or
that of chronically infected fowls will increase the size of the
spleen to double its norm.al volume; hence, we are probably dealing here with an interaction of both the cellular and humoral

'-"

agencies in the defense against malaria.
Russell, Mulligan, and Mohan (1942) demonstrated a rise in
the agglutination titer of the serum of fowls against homologous
soorozoites but not trophozoites of -P.- "~allinaceum.
'0'------C

It becomes immediately apparent that there is no practical
method of active immunization at the present time, except the
:immunity to superinfeotion; however, it is also apparent that
progress is being made in this field of endeavor.
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CEL!__,ULA..~ BASIS FOR Uf!l'UNITY TO MALARIA

As in most other cases of immunity to disease processes, there
is a distinction made between the cellular and hum.oral reactions
of the body; in actuality this is a purely arbitrary differentiation
as in the final analysis both types of immunity have a cellular
basis-- since th-i elaboration of antibodies is now considered as
a function of certain cells of the host.

Since the classical work

of MaximO\v (1927) on the "Morphology of the ~esenchymal Reactions",
it has become more and more apparent that all defense reactions,
with the exception of purely mechanical factors, reside in connective
tissue or mesenchyme.

Using Ma.ximow's classification of cells of

the connective tissue and Blood, we shall here be concerned with
the following cell types:

'-'

(1)

The fibrocytes, which are fixed, highly differentiated cells

and are represented by endothelial cells in the vascular system,
by fibroblasts or fibrocytes in connective tissue, and by cartilage
and bone cells in cartilage and bone.
(2)

The fixed or free cells, usually termed histiocytes, which

possess marked affinity for vital stains, are preeminently fitted
for phagocytosis and t~e storing of various substances, and assume
important roles in the intermediate metabolism of the body and in
defense reactions.

These cells a.re knovm. by a variety of names,

such as macrophages, clasmatocytes, resting wandering cells,
rhagiocrine cells and adventitial cells in the serous membranes
and various irregularly arranged tissues; the reticular cells in
lymphoid end myeloid tissues and the red pulp of the spleen~ and
the Kupffer cells in the liver.

-so-
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In addition there are modified

'-'

flattened histiocytes lining the lymph sinuses and venous sinuses
of the lymph nodes, bone marrow and spleen, which Maximow states
belong to this group, and for which he suggests Siegmund's term,
littoral cells; these cells should be sharply differentiated from
the true endothelium of the common blood-vessels which belongs to
the fibrocytes of category 1.

This entire group of cells composes

the reticule-endothelial system.
(3)

The hemocytes, which include all free cells of the blood and

lymph and accumulate in the blood-forming organs, are first the
hemocytoblasts or undifferentiated stem cells from which the next
types develop, and second the differentiated cells-- gra.nulocytes,
erythrocytes, and megakaryocytes.
Note:

._,,

This classification was taken from

n.

H. Taliaferro's book,

Immunology of Parasitic Infections, 1929.
After reading much of the more important material in this
phase of the subject, it becomes apparent that the ~etiouloendothelial system bears the brunt of the defense against parasitic
invasions, however, all of the cells play a role in this defense.
The local defense reaction which is ordinarily termed inllam...Tfia.tion varies considerably; however, irregardless of this
variation, it fundamentally consists of three reactions, each
of which involves one of the three aforementioned classes of oells.
The first reaction is the mobilization of the special leukocytes
(polymorphonuclears); these are true hemocytes which are normally
confined to the lu.rnen of the blood vessels and the myeloid tissue,
but which in inflammation migrate through the walls of the blood
vessels and are the first to appear at the involved site.
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combative action is by active phagocytosis and by the secretion
of various bactericidal and detoxicating substances., especially
proteolytic and oxidative enzymes •

.b.f'ter playing their role., a

few may be carried away by the blood stream or lymph, but most of
them degenerate.,~ situ.

The second reaction is a mobilization

of the macrophages or mononuclear exudate cells.

Ma.ximow states

that they have a dual origin; that is, from histiocytes of the
comm.on loose tissue and serous membranes e.nd from non-granular
leukocytes of the blood.

:lhe macrophages have enormously great

potentialities for defense and repair as they actively phagocytose
foreign bodies of all sizes and types., including bacteria,
protozoa, dead cells and foreign particles; they liberate enzymes
and when the inflammation subsides they remain for the most part
and take on the common structure of normal histiocytes and later

'-if

become transformed into fibroblasts.

~he third reaction is

essentially regenarative and falls in large measure to the fibroblasts of the neighboring area.

1'hey form the new connective

tissue with which the wound is repaired and may aid in defense by
providing fibrous capsules to isolate foreign bodies or abscesses.
it should be mentioned that the confusion of the hypersensitive
state need not be drawn into this discussion.
A general reaction of defense occurs if the exciting cause
is not localized but is distributed over all or a large part of
the body; this defense reaction is in reality an activation of the
mesenchyme and is the important cellular reaction in malaria, as
the localization of the parasite within red blood cells or white
cells certainly prove to be an excellent site for their wide-82-
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spread dissemination over the body.

As in the local defense

reaction all three classes of cells are involved.

One of the

first signs of general reaction is an increase in the special
leukocytes in the blood stream which is accomplished by an accelerated production in the bone marrow.

~

n some of these reactions

a toxic material may be elaborated which depresses the bone marrow
and a leukopenia develops.

li'"ith the liberation of substances in

the bloodstream, it comes into contact with the endothelial cells
lining the blood vessel walls; their role may be important in the
adsorption and neutralization of toxins, but it is not manifested
in any very appreciable morphologic changes.

ilence the group

of cells of paramount importance in our discussion of innn.unity
in malaria becomes the reticulo-endothelial system or the histiocyte

'-"

system.

These histiocytes are lmown to be very active in phago-

cytosis, in intermediate metabolism and in addition as the chief
elaborators of the humeral antibodies.

Because of this important

role of the reticule-endothelial system, certain organs of the
body, which are richly endowed with these elements come to the
foreground in any such discussion; hence, we must keep the spleen,
liver, lymph nodes, bone marrow, kidney, lung, and omentum
constantly in mind.
Having the general concept of cellular immunity in account,
'"

we may now proceed with a discussion of the cellular imrnunity in
malaria.

W. H. 'I'aliaferro (1941) states that there are four

main aspects of the functional role of cells in malarial immunity--

(!) Phagocytosis
(2)
~

by various leukocytes, especially macrophages;

Production of new phagocytes; (3)

Various repairative pro-

liferations other than the production of phagocytes; and (4)
Elaboration of spec'iific antiparasitic antibodies.
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it is important to remember that the distinguishing characteristics of malarial immunity arise largely from the localization
of the parasite in the blood stream, since such a localization
determines where the parasites will cone in contact with the
phagocytic cells.
Various difficulties have contributed to the confusion on
this subject; some of these interferances with study are that hum.an
necropsy material represents a terminal phase;.!'.,,!_ faloiparum
infec-ti ons show various degenerative changes which overshadow
the defense aspects; some of the immune reactions last only a
short time and are ea.xily overlooked; and much of the material
has not been handled soon enough after death nor have the specialized
techniques necessary always been used.

__,

1 rrega.rdless of all this

a vast amount of knowledge has a.ccummulated over the years.
The role played by the various types of cells is probably
best understood by the Talia.ferro' S•

The following discussion

upon the roles played by the individual cell types in malaria is
taken largely from a discussion of the cellular basis for immunity
in malaria. published by 1"J. h. Talia.ferro, 1941 (Symposium for
Ruman Malaria.).
A.

?redomina.ntlz Fixed Connecthe Tissue Cells
(1)

Macrophages\ any large mononuclear cell that is phagocytic

or can immediately become phagocytic without any marked
change in morphology).
(a)

Reticular cells (form the stroma. of all reticular-

myeloid and lymphatic tissues) The reticular cells of

....,

..

the spleen and to lesser extent of tlie bone marrow
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are of paramount importance in immunity to.malaria.
(b)

Littoral cells of Siegmund (line the sinuses of the

reticular tissues-- spleen, lymph nodes, bone marrow-and the sinusoids of the liver, hypophysis, and adrenal)
The littoral cells of the liver a.nd to a lesser extent
of other organs a.re functional in immunity to malaria.
(o)

Pericytes or Fixed, outstretched, undifferentiated

cells of Maximow are found in the adventitia of the
small blood vessels of loose connective tissue.

These

cells have broad mesenchyma.l rotencies, are widely
distributed, but a.re only incidentally functional in
malarial immunity.
(d)

macrophages also variously lmown as histiocytes,

clasmatocytes, resting wandering cells or rhagiocrine

'-'

cells comprise about one-half of the cells in the loose
and dense connective tissue of the body; they phagooytose
malarial material only incidentally.
(2)

Fibroblasts and Endothelial Cells
These fibroblasts generally asrmme a functional role in

the later stages of defense.

~hey reDair connective tissue,

fill in cavities, and wall off foreign material that cannot
be removed by phagocytosis.

They e.re able to proliferate by

mitosis; however, they probably do not have full mesenchymal
potencies in man, although they do have in lower forms.
The endothelial cells (not littoral cells) are sestricted
to the cells which line the larger blood vessels and capillaries

,_,

they have only limited aapacities for defense uruler ordinary
-85-

~

conditions; they can proliferate by mitosis but ar6
only rarely pha~ocytic and do not generally develop
into other cells •
In malaria they assume a repairative role and are largely
limited to the production of new blood vessels of developing connective tissue.
B.

Free Connective Tissue and Blood Cells
(1)

Myeloid Cella
(a)

Red blood cell series

(b)

Blood platelets

(c)

Granulooyte series

In malaria erythropoiesis is important as a repairative process
as red blood cells are lost to the parasites, toxins, and by phago-

...,

cytosis.

There is some question, but heterophils may play a role

in phagooytosis under heavy infections of~ falciparum.
(2)

Free ~~senchymal Cells:

Lymphoid Cells

According to the unitarian view of blood formation probably all of the stem cells of the myeloid tissue are identical in
morphology and developmental potencies with the lymphocytes of
lymphatic tissue.

~ malaria the free mesenchymal cells are of

obvious importance as stem cells for the lymphoid and myeloid
cells of the blood and connective tissue.

Also the lymphocytes

are probably the single most :important source of

nlJW

macrophages

in malarial immunity.

In the following few paragraphs we shall attempt to present
the typical phagocytic phases of malarial innnunity, without particular reference to any special type of parasite or any specific
-86-
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host.

Macrophages chiefly of the spleen, liver and.bone marrow

and to less extent of other sites, such as the adrenal and around
areas injured by the localization of .!:!_ falciparum -- as in the
bra.in--, phagocytose free and intracorpuscular parasites and
pigments.
During the initial acute rise of the infection while death
of the parasites still represents a natural immunity, the free
merozoites and intra.corpuscular parasites in all stages of development are phagocytosed sluggishly by macrophages of especially
the spleen, liver, and bone marrow.
At the crisis the parasitized red blood cells are regionally
concentrated in the splenic cords and are probably ag~lutinated or
adhere to the macrophages.

'-'

Af'ter one or two days the parasitized erythrocytes are avidly

eaten by the macrophages of the spleen, liver, and bone marrow.

Hence many workers conclude that sane sort of opsonin \acquired
immunity) prepares the parasitized cells for phagocytosis.

'l'he

increased rate of phagocytosis is specific (largely against homologous strains) and is the chief manifestation of acquired immunity.
We

are now ready to pass to the di scussion of the cellular

immunity in various hosts; we shall discuss that appearing in man,
birds, and monkeys.
I.

-

Cellular Reactions in .l:Luman Malaria

-

In hmn.ans pathological studies of fatal cases of malaria in dicate that the malarial pigment is stored chiefly in the retiouloendothelial system.

uaffe (1927) pointed out that in patients

dying of malaria the malarial pigment is most distinct jn the
-87-
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reticuloendothelial cells of the hematopoietic organs a.nd produces a picture resembling vitally stained animals.

Some other

workers have described pigment as being taken up by the capillary
endothelium of other organs, especially the brain; however, Jaffe
reports that most of this pigment was enclosed in free, large
mononuclear cells and in enlarged adventitial cells., but was only
attached to and not engulfed by the swollen and fatty degenerated
endothelial cells.
Gaskell and Millar (1920) describe the phagocytosis of P.
falcipar~ as being carried out by the histiocytes of the spleen
and liver in the main.
Lucey (1921), Meo-Columbo (1924)., ~aegeli (1925), and uttander

(1926) describe the monocytosis which is frequently found in the
blood in malarif:.
~

"'l-ii.s monocytosis is ta.ken as an indication 0£

stimulation of the reticuloendothelial system of the host.
'l'homson ~1911)., James (1920), Schilling (1924), Anderson (1927).,
and Stott (1933) noted the occurrence of large mononuclears in the
blood; these cells are described as containing malarial pigment.
These cells are supposedly identical with the proliferating monocytes
of the spleen.

iv1cLay (1922) points out that inf'ected red cells

in cultures tend to adhere to these monocytes.

From the foregoing

we have definite indications that the chief defense in man is
probably cellular; however, the difficulty of study of humans as
previously pointed out handicaps the work.
II.

Cellular Reactions in Avian ~alaria
Danilewsky (1890) was the first to study the pathological

effects of avian malaria; the findings state that there is an
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enlarged spleen which is either brown or black in color; in the
spleen and the bone marrow there were found many large phagooytic
cells with pigment and parasitized erythrocytes in various stages
of disintegration, and that large numbers of parasites were present
in the bone marrow when they were no longer demonstrable in the
blood stream.
Labbe (1894) stated that the spleen was enlarged and blackened
in lower animals infected with Haemoproteus and that macrophages
disposed of the parasites.
In 1898 Mac Callum found that in the spleen the pigment was
distributed in bands throughout the vascular pulp; the "endothelial 11
cells of the liver were greatly swollen jy their load of pigment
and debris; and finally that a lesser deg;ree of pigment was ob-

.'-"

served in the kidneys, bone marrow, wall of the intestine, thyroid,
and adrenals, while practically noae was seen in the lungs, brain,
or pancreas.
Ben-Ha.rel ~1923) reports that at the height of infection the
enlarged and blackened spleen contains swollen macrophages engorged
with clumps of granules of pigment; the oone marrow was hyperplastic
and devoid of f'atty marrow and contained similar phagocytic cells.
In infected birds in which parasites had disappeared f'rom the blood
for 14 to 30 days the spleen and bone marrow appeared 1.JUite normal,
with pigment sparsely distributed ana only occasional parasites-hence, he concludes that the reduction in number of parasites is
due to actual destruction by fixed-tissue cells as well a.s by
circulating phagocytes.
In 1929 Nitsche essentially confirms the work of Ben-Hare-l.
-89-
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Taliaferro, l'.t'. H. (1931) reports tLat there is a high deg-ree
of immunity to superini'ection which begins as soon asthe latent
period sets in and lasts for extremely long periods of time.

Birds

with latent ini'ections that had been inoculated 16 to 656 days previously, when injected intra.venously with large numbers of washed
pa.ra.sitized blood cells, disposed of them quickly whereas normal
birds could not cope with such enormous numbers a.nd ~uite frequently
succembed.

The removal of the parasites in the latent birds depends

to a certain degree of the number injected.

In other words, when

approximately 1 to 100 parasites per 10,000 RBC were introduced,
they were removed from the peripheral blood within 24 hours, whereas,
when from 100 to 400 per 10,000 RBC were introduced, they ,,ere
removed within from 48 to 72 hours.

'-"

The parasite red cell complex

is removed throughout the asexual cycle and not simply the merozoi tes
free in the serum, as is evidenced by the fact that when hourly
blood smears were made folloNing the intravenous injections the
decrease in numbers was gradual and not restricted to the tL~e of
sporulat ion.

The ability to remove the parasites is very labile

and very delicately attuned to the physiologic condition of the
bird and may be upset upon the sl ightest provocation.

Thus, of 6

birds with latent infections, when injected intravenously 33 days
after the initial inoculation, 1 showed no parasites the following
day, 2 got rid of them in 2 days and the other 3 took 3 days to get
rid of them.
In 1925 L. G. Taliaferro showed that whenever parasites were
present in the blood they were reproducing at the same rate; hence,
the great reduction in numbers at the crisis was due to an actual
-90-
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parasiticidal effect and not to a depression in parasite repi!"oduction; hence, the author felt that the most promising parasiticidal
mechanism for which to search v;as some type of sensitizing antibody,
either a lysin or an opsonin.

In 1929, however, the 1 aliaferros report their failure to
demonstrate the protective action of immune serum (avian); this
lead having proved unfruitful, Cannon and Taliaferro (1931) carried
out their classical work upon the direct cellular basis for immunity
in avian malaria, concluding as follows:
A.

Normal Birds Injected Intravenously with Parasitized Erythrocytes
(1)

The entire parasite-erythrocyte combination, rather than

the isolated merozoite, is phagocytosed in all stages of
development; this substantiates directly the indirect studies

'-"'

of .uartman (1927) and hH and LG .1.aliaferro (1929).
(2)

Phagocytosis by the macrophages occurs as early as four

hours following injection, but not earlier, except to a slight
degree.

Thereafter, it occurs constantly during the entire

acute infection.

1his is in harmony with the mortality of

asexual forms furing this perio4 observed by LG Taliaferro
(1925) and studied in detail by Hartman (1927).
(3)

Distinct evidence of the activation of the mesenchyme

(increased number of mitotic figures in the lymphoid series
of the spleen) appear 18 hours after infection and progressively
increase during the acute stage of the infection.
(4)

The height of activation of the mesenchyme appears be-

tween the 8th and 10th day of the infection, coincidently
with the crisis of the infection when the majority of tfte
-91-

"-'

'-"

parasites disappear precipitously from the peripheral circuiation.
In the liver this activation is evidenced by a marked swelling of
the Kupffer eells with pronounced phagocytosis, a great increase
of mononuclear cells and numerous mitotic figures, and a striking
disorientation of the liver cords.

In the spleen it is manifested

by a diffuse hyperplasia of the lymphoid cells with many mitotic
figures, a great increase of basophilic lymphoid cells and an
increased nwnber of pulp cells (macrophages) showing large masses
of phagocytosed pigment.
(5)

1'he phagocytosis of the parasitE-erythrooyte combination

is limited to the macrophages (hemophages of Kyes, Kupffer
cells, splenic pulp cells, etc.) chiefly of the spleen and
liver and to a much less extent of other organs.

~-e

have

never observed such phagocytosis in the endothelial cells

'-'

lining the blood vessels.
(6)

In latent infections immediately following the crisis

there is little change moticeable in the spleen and liver,
but the outstanding f~ature of the latent infection is that
the pigment and debris which accumulate during the acute
infection and crisis largely disappear with 30 to 40 days
following the initial infection.

fhis disappearance of the

pigment allows us to study the mechanism of immunity to
superinfe ct ion.
B.

Latently Infected Birds Intravenously Injected with Parasitized

Erythrocytes.
(1)

The altered reactivity of the mesenchyme following the

crisis persists during latency 1 so that phagocytosis of""the
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parasites is much more ranid and effective than in birds

~

infected for the first time.
(2)

The phagocytosis during superinfection is well initiated

within 15 minutes after superinfection and within 24 to 48
hours has so successfully re:1t0ved the parasites that they
can not be found in the peripheral blood.
(3)

The activity of the mesenchyme appears to decline very

slowly as tested by superinfection and is still effective
654 days after the initial infection.
C.

'J.'he mechanism of immunity to superinfection is primarily cellular

and consists in an increased rate of nha.!!'.ocytosis by the cells of
the reticuloendothelial system, especially those of the spleen and
liver.

~tis the product of two factors: first an actual increase

in the number of phagocytic cells and sec,nd a. greatly increased

'-"

rate of pha.gocytosis by the individual phagocytes.
Young (1938) carried out work on the course of infections
and pathological effects of a relatively non-virulent species of
avian malaria ca.used by P. rouxi.

From these results he continued

to a comparison with other types of malaria, such as in man, birds, and
monkeys; finding that his findings were essentially similar to
those previously reported by Cannon and Taliaferro (1931) with the
exception the reactions were not due or of such a marked degree;
he postulated that this was due to the relative mildness of infection
with this para.site.
Since the work of Cannon and Taliaferro (1931) the humoral
immunity to malaria has been established and even confirmed by
these same workers; however, this additional method of immunity
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does not alter their results.
III.

--

Cellular Reactions in Monkey Malaria.
Taliaferro and laliaferro (1934) studied the morpholoey,

periodicity and course of infection of Pla.smodium brasilianum in
Panamanian monkeys; they state that infections are characterized
by (1) an acute rise in the number of para.sites, (2) a. crisis
with a fall in their numver, either precipitously or gradually,
(3) a developed infection which is of low grade, and (4) a series
of short la.tent periods, when no para.sites can be found, alternating
with rela.p se s.
ta.lia.ferro and Cannon (1936) conclude that the defense against
Pla.smodium brasili~ in various species of Panamanian monkeys
involves chiefly: (1) suppression of the infection, (2) replacement

'-'

of the erythrocytes lost by schizogony of the parasites and by
erythropha.gocytosis, and to a lesser extent, of lymphocytes lost
by lymphorhe:x:is.
Suppression of the infection is ~ure1y pa.ra.siticidal and resolves
itself into pharocytosis of para.sites, both extra.corpuscular and
intra.corpuscular.

This pha.gocytosis is carried out by the macro-

phages of the spleen, liYer and to less extent of the bone marrow.
Development of the primary infection is correlated step by
step with concentration and phagocytosis of the parasites as follows:
(1)

During the a.cute rise, the para.sites a.re concentrated in the

spleen and to a less extent in the liver and bone marrow where they
a.re sluggishly phagocytosed.

~hev are also concentrated in other

organs, comparable in degree to the liver and bone marroVT, but are
not pha.gocytosed.

'-'

(2)

At the crisis, the parasites a.re ..regionally
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concentrated in the spleen.

They are held in the Billroth cords

and do not pass into the venous sinuses.

This suggests that the

para.sites either are agglutinated or adhere to the macrophages.
'l'hen within a day or two the~, are agrressively ingested bv the
macrophages of the spleen, liver, and bone marrow.

At this time

the macrophages are engorged with all stages of parasites in all
degrees of disintegration.

J.he organized red cells and parasites

rapidly disappear, but the pigment remains for some tim.e. (3) Once
crisis pha.gocytosis is initiated the infection isusually rapidly
subdued.

At this time the macrophares are filled with pigment.

The pigment disappears in about 3 months provided it does not
reaccumula.te due to relapse. (4) Following splenectomy there is
a compensatory increase in phagocytosis in the liver and bone
~

ma.rrov; and occasionally and increase in pigmentation of the lungs.
After superinfection with large n1.,mbers of para.sites, the
active concentration and phagocytosis of the parasites begins within
1 hour instead of waiting f11om one to several days.

In other words,

the acquired immunity takes time to dev6lop, but once acquired,
responds immediately.
Concomi ta.ntly with the macroµha€=e a.cti vi ty, if the infection
is not checked, a.lymphoid hyperplasia occurs in the spleen; this
serves as a mesenchymal resenr:e which replenishes and augments the
supply of macrophages and lymphocytes.

The transformation of the

lymphocytes into monocytes and macrophages can be particularly well
seen in the spleen.
1'alia.ferro and Kluver (1940) added further evidence that the
lymphoid hyoerplasia in malaria augments the mesench;1mal reserv:e

'-1

from which monocytes and newly formed macrophages are del"ived.
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Taliaferro and Mulligan (1937) studied the origin of _the
macrophages and reached the same conclusions earlier arrived at
by Taliaferro in 1929.
IV.

-

Effect of Splenectomy and Blockade upon the Immunity to Malaria

--

-----

-

Krishnan, .:imith, and Lal (1933) state after experiments upon
monkeys that removal of the spleen, by interferin~ with immune
reactions, converts latency into relapse, resistance into susceptibility and cecovery into death.
In 1934 the same authors stated that if the spleen of monkeys
with a high degree of immunity were removed, an intense infection
resulted which they felt showed that the innnunity was associated
with a latent infection.
.Liauck and Malamos (1935) state that immunity will develop in

'-"

splenectomized monkeys although more slowly than when this organ
is present and that the removal of the spleen in an already immune
animal lowers the immunity to some extent, but does not destroy it
entirely.
Knowles and Das Gupta (1934) feel that the most certain
method of detecting a latent malarial infection is by splenectomy,
as an intense infection follows the procedure in latent cases.
Kritschewski and Demidowa (1934) report that the therapeutic
activity of antimalarial drugs is greatly lowered by clogging the
reticuloendothelial system ~~th trypan blue.
Mala.mos (1934) blockaded the reticuloendothelial system with
trypan blue and india ink and concluded that such blockage interfered with immunity as it resulted in relapse or a more severe
course in normal (first infection) monkeys.
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This author..felt that
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medication effects were not impaired by the blockade.
Tarejew and Poutchkova (1933) feel that in human malaria
there is a blockage of the reticuloendothelial system by melanin
which causes the lack of complete immunity to malaria.

'l'his seems

a very radical concept in the light of present knowledge.
Gingrich (1941)

studied the role of phagocytosis in natural

and acquired immunity to avian malaria by blockade experiments
with washed foreign red blood cells concluding that the results
ca.n definitely be interpreted as due to reduced efficiency of the
macrophages.

There is apparently no effect on the daily rate of

increase in the number of parasites during the acute rise of the
inf'ection; therefore, pha11;oeytosis is not the primary factor which
determines the two-thirds death rate of parasites in natural
immunity to this infection.

'-'

.I.he crisis with subsequent recovery

can be prevented, recovery can be interrupted, and relapses oa.n
be produced; therefore, phagocytosis, whatever its relation to
humoral factors may be, is an active process and a major factor in
acquired immunity to malarial infections of birds.
In conclusion of this section of the discussion we should
point out that these findings should in no sense be considered
as applicable only to malaria.

·.i.he concentration of narasites

and the functional activity of the macrophages in the spleen, liver,
and bone marrow, 'irhere the phagocytes are in conh.:.ct with slowly
moving blood, are processes common to the removal of bacteria or
forei~n narticulate material from the blood stream.

Furthermore,

the lymphoid hyperplasia is not only characteristic of other blood
infections, but also of non-infectious antigens as in rabbits after
the injection of sheep cells and horse sermn.
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SUMMARY

In a subject a broad in its scope as this one has proved
to be, it becomes an exceedingly difficult matter to adequately
correlate clinical observations, experimental results, and mere
conjecture into a working hypothesis.

Hence, in this discussion

we shall confine ourselves to the broad concepts of such a
subject leaving the more detailed summary of findings to their
proper location within the body of the paper.

In each section

an attempt has been made to summarize the technical findings
into a workable classification.
Generally speaking we can make the following'. statements
without fear of contradiction:
1.

._,.

There is immunity both natural and acquired against the

malarial parasites.
2.

Effective acquired immunity in the clinical sense is only

established after infection with the parasite and then the
immunity is only effective against the strains of Plasmodium
endemic to that particular area.
3.

The immunity against malaria should not be considered as

something apart from immunity in general; its course merely
being modified by the widespread dissemination of the parasite
throughout the body of the host by way of the erythrocytes.
4.

The principal mechanism of immunity against malaria is

"cellular" in type, although the humoral mechanism probably aides
the cellular mechanism by means of some-sort of opsonic action.
5.

Effective vaccination against malarial fever is not feasible

at the present time, although promising results a.re now Ming

.._,,

.

__,,

reported.
6.

Passive immunity, although it has some proponents, has

not. stood well the test of clinical or experimental procedure;
huge amounts of immune serum being reguired in order to obtain
demonstrable effect.
As

pointed out in the introduction there is a great need

to solve the problem of malarial infection in the human race;
this fact was given further emohasis only yesterday in a lecture
by Major General McGee, Surgeon General of the United States

Anny, retired to the student body of this sohool.

In oonolusion

we should mention that there are innumerable approaches to the
study of the control of malaria,
of these approaches.

Immunology represents but one

It is hoped that we have succeeded in

summarizing the pertinant data with regard to this one phase of

'-"

.._,.

malaria •
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